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PROHIBITIN G MILITARY WEATHER MODIFICATION
W ED N ESD A Y , JU L Y  26 , 19 72

U n it ed  S ta tes S e n a t e ,
S ubco m m it tee  on  O ce ans an d

I n ter n a tio n a l  E n v ir o n m en t  of th e
C o m m it tee  on  F o r eig n  R el a t io n s ,

Washington, D.C.
The subcommittee met, pursuant  to notice, at 10 a.m. in room

4221, New Senate Office Building, Senator  Claiborne Pell (chairman) 
presiding.

Present: Senators  Pell and Case.
Senator P e l l . The subcommittee  will come to order.

O P E N IN G  ST A T E M E N T

This morning the Subcommittee on Oceans and Internationa^
Environment  opens its public hearings on Senate Resolution 281 

This resolution expresses the sense of the Senate tha t the United
States  should seek the agreement of other Governments to a proposed 
trea ty prohibit ing the use of any environmental or geophysical 
modification ac tivi ty as a weapon of war.

A number of Senators have done me the honor of joining with me 
in cosponsoring th is resolution.

1 offered this resolution because it was becoming increasingly clear 
tha t the potent ial for offensive military uses of environmental and 
geophysical modification is very real.

There was also a growing concern among knowledgeable members 
of the scientific comm unity tha t development and use of these mod
ification techniques, without  limitation, could have awesome 
consequences.

(Text of S. Res. 281 and coordinated executive branch comments 
follow:)

[8. Res. 281, 92d Cong., second sess.]

RE SO LU TI ON  Expressing  the sense of the  Senate that  the Uni ted State s Gove rnment shou ld seek the  
agreement of other governments  to a proposed tre aty  prohibiti ng the  use of any  env ironmental or geo
physica l modification act ivi ty as a weapon of war, or th e ca rrying o ut of any research or experimen tatio n 
with respect there to

W he reas  th er e is vast  sc ient ifi c po te n ti a l fo r hum an  be tt e rm en t th ro ugh  envir on
m en ta l an d ge op hy si ca l co nt ro ls ; an d

W he reas  th er e is g re a t dan ger  to  th e wor ld  ecolo gica l sy stem  if en vir onm enta l 
an d ge op hy sica l m od if icat io n act iv it ie s ar e no t co nt ro lled  or if us ed  in di sc rim i
nan t ly;  an d

W he reas  th e de ve lo pm en t of w ea po ns -o rien ted envir onm en ta l and  ge op hy si ca l 
m od if icat io n ac ti v it ie s will cr ea te  a  th re a t to  pe ac e and  wor ld  ord er ; and

W he reas  th e U ni te d S ta te s G over nm en t sh ou ld  seek  ag re em en t w ith  o th er 
go ve rn m en ts  on  th e  co m pl et e ce ss at io n of any re se ar ch , ex per im en ta tion, or 
use  of an y su ch  ac ti v it y  as  a wea po n of  w ar : No w,  th er ef or e,  be  it

(1)
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Reso lved , T hat it  is th e sens e o f  th e Sen at e th a t th e  U nit ed  S ta te s G ov er nm en t 
sh ou ld  seek  th e ag re em en t of  o th er gov er nm en ts  to  th e fo llo wing tr ea ty  pr ov id in g 
fo r th e  co mplete  ce ss at ion o f  an y rese arch , ex pe rim en ta tion , an d use  of  any 
envir onm en ta l or  ge op hy sica l m od if icat io n ac ti v it y  as  a wea po n of war :

“ T he  Par ti es  to  th is  T re a ty ,
“ Rec og nizing  th e va st  sc ient ifi c pote nti al  fo r hu m an  bett erm en t th ro ugh 

en vir onm en ta l an d ge op hy sica l co nt ro ls ,
“ Aw are  of  th e  gre at  danger to  th e wor ld  ecolo gica l sy st em  of un co nt ro lle d 

and  in di sc rim in at e use of  envi ro nm en ta l and ge op hy si ca l mod ifi ca tio n 
ac tivi ti es ,

“ Re co gn izi ng  th a t th e  dev el opm en t of  w ea po ns -o rien te d en vi ro nm en ta l 
and  geophysic al mod ifi ca tio n tech ni qu es  will cr ea te  a th re a t to  peace an d 
w or ld  or de r, <■

“ Pr oc la im in g as  th e ir  pri nci pal  aim th e ac hie vem en t of  an  ag re em en t on 
th e  com pl et e ce ss at io n of re se ar ch , ex per im en ta tion, and u se  o f e nv ir on m en ta l 
and  ge op hy sica l m od if ic at io n ac tivi ti es  as  wea po ns  of  war ,

“ H av e ag reed  as  fol low s:
“ Art ic le  I *

“ (1) The  S ta te s Par li es  to  th is  T re a ty  under ta ke to  pro hi bi t and pr ev en t, a t 
any  place,  any  en vi ro nm en ta l o r ge op hy sica l m od if icat io n ac ti v it y  as  a we apon  
of w ar ;

“ (2) T he  pr oh ib it io n in  para g ra ph  1 of th is  ar ti cl e sh al l als o ap ply  to  any 
re se ar ch  or ex pe rim en ta tion  re la ti ng  to  th e  de ve lo pm en t of any  su ch  ac ti v it y  
as  a  wea po n of w ar ;

“ (3) T he  S ta te s Par ties  to  th is  T re a ty  undert ake not to  as si st , en co urag e or  
in du ce  an y  S ta te  to  ca rr y out  ac ti v it ie s re fe rred  to  in para g ra ph  1 of th is  ar ticl e 
and  no t to  par ti c ip ate  in  any  o th er w ay  in  su ch  ac tio ns .

“ Art ic le  II

“ In  th is  T re a ty , th e  te rm  'e nvir onm en ta l or  ge op hy sica l m od if icat io n ac ti v it y ’ 
includ es  an y  of th e  fol low ing  ac tiv it ie s:

“ (1) any  w ea th er  mod if ic at io n ac ti v it y  which  ha s as a pu rp os e,  or  ha s as  
on e of it s pr in cipa l eff ect s, a  ch an ge  in th e at m os ph er ic  co nd it io ns  ov er  an y 
par t of th e  e a rt h ’s sur face , in cl ud ing,  bu t not  l im ited  to , any  a c ti v it y  de sig ne d 
to  in cr ea se  or  de crea se  pre ci p it at io n , in cr ea se  or su pp re ss  ha il,  lig htni ng , or 
fog , and  di re ct  or div ert , st orm  sy st em s;

“ (2) any  cl im ate mod if ic at io n ac ti v it y  which  ha s as  a  pu rp os e,  or  ha s as  
on e of it s pr in cipa l eff ects, a ch an ge  in  th e lo ng -ter m  at m osp he ri c co nd it io ns  
over any  p a rt  of th e  ea rt h ’s s ur fa ce ;

“ (3) any  ea rt hquake m od if icat io n ac ti v it y  which  ha s as  a pu rp os e,  or  ha s 
as  on e of  it s pr in cipa l eff ec ts,  th e  re lease of th e  st ra in  en er gy  in st ab il it y  
w ithi n th e  so lid  rock  laye rs  beneath  th e  e a rt h ’s c ru st ;

“ (4) any  oc ea n mod if ic at io n ac ti v it y  which  ha s as  a pu rp os e,  or  ha s as 
on e of it s pr in ci pa l eff ec ts,  a ch an ge  in th e  oc ea n cu rr en ts  or  th e  cr ea tion  of 
a  se ism ic  di st ur ban ce  of th e  oc ea n (t id al  w av e) , a

“A rt ic le  I I I

“ Fiv e ye ar s a ft e r th e  en tr y  in to  fo rc e of  th is  T re aty , a  co nferen ce  of Par ties  
sh al l be  he ld  a t Ge ne va , Sw itz er la nd , in or der  to  revi ew  th e oper at io n  of th is  
T re a ty  w ith  a vie w to  as su ring  th a t th e  pu rp os es  of th e pr ea m bl e and th e pro 
visio ns  of th e  T re a ty  ar e be ing re al ized . Su ch  revi ew  sh al l ta ke in to  ac co unt any 
re le vant te ch no lo gi ca l de ve lo pm en ts  in  ord er  to  de te rm in e w het her  t h e  de fin iti on  
in  A rti cle I I  sh ou ld  be am en de d.

“ A rt ic le  IV

“ 1. Any  P a rt y  m ay  prop os e an  am en dm en t to  th is  T re aty . The  te x t of an y 
pr opose d am endm ent sh al l be  su bm it te d  to  th e  D ep osi ta ry  G over nm en ts  which  
sh al l ci rc ul at e it  to  al l Par ties  to  th is  T re aty . The re af te r,  if re que st ed  to  do so 
by  one- th ir d  or  mor e of th e Pa rt ie s,  th e  D ep os itar y G ov er nm en ts  sh al l co nv en e 
a  c on fe renc e to  w hich  th ey  shall  in vi te  a ll th e  Par ties , to  c on side r su ch  a m en dm en t .

“ 2. An y am en dm en t t o  thi s T re aty  s hal l be ap pr ov ed  b y a  m ajo ri ty  o f th e  vot es  
of  al l th e  Par ti es  to  th is  T re at y . The  am en dm en t sh al l en te r in to  fo rce fo r al l 
P ar ti es  upon  th e  de po si t of in st ru m ents  of ra ti fi ca tion  by  a m ajo ri ty  of al l th e  
Par ties .
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“ Art ic le  V

“ 1. Th is  T re a ty  sh al l be  of unl im ited  dura tion .
“ 2. Eac h P art y  sh al l in  ex erc isi ng  it s nat io nal  so ver ei gnty  ha ve  th e  ri gh t to  

w ithd ra w  from  th e  T re a ty  if it decid es  th a t ex tr ao rd in ary  ev en ts , re la te d  to  th e  
su bje ct  m att e r of th is  T re a ty , ha ve  je opar di ze d th e su pr em e in te re st s of it s coun
tr y . I t shall  giv e no tic e of  s uc h w ith dr aw al  t o  all  o th er P ar ti es  to  th e T re a ty  t h re e

’ m ont hs  in ad va nc e.
“ Art ic le  VI

“ 1. Thi s T re a ty  sh al l be  op en  to  all  S ta te s fo r si gnat ure . An y S ta te  which  do es  
no t sig n th is  T re a ty  be fo re  it s en tr y  in to  force in ac co rd an ce  w ith par agra ph  3 of 
th is  Arti cle  m ay  ac ce de  to  it a t any tim e.

* “ 2. Th is T re a ty  sha ll be  s ub je ct  to  ra ti fi ca tion  by  s ig nato ry  S ta te s.  In st ru m en ts
of ra ti fi ca tion  an d in st ru m en ts  of ac ce ss ion sh al l be de po si te d with  th e  G ov er n
m en ts  of th e U nit ed  S ta te s of Am eri ca , , and  wh ich  ar e her eb y
de si gn at ed  th e D ep osi ta ry  G ov er nm en ts .

“ 3. Thi s T re a ty  sh al l en te r in to  force  aft er it s ra ti fi ca tion by  th e  Sta te s,  th e
* G ov er nm en ts  o f which  ar e  de sign at ed  D ep os ita rie s of th e  T re aty .

“4. F or S ta te s wh ose  in st ru m ents  of ra ti fi ca tion o r acce ss ion ar e de po si te d su b
se qu en t to  th e  en tr y  in to  fo rce of th is  T re a ty , it  sh al l en te r in to  for ce on  th e  da te  
of th e de po si t of th e ir  in st ru m en ts  of ra ti fi ca tion or  ac cess ion .

“5. Th e D ep os it ar y G ove rn m en ts  sh al l pro m ptl y  in fo rm  al l si gnat ory  and  ac 
ce ding  Sta te s of th e  da te  of ea ch  si gn at ur e,  th e  da te  of de po si t of ea ch  in st ru m en t 
of ra ti fi ca tion  of an d acce ss ion to  th is  T re a ty , th e  da te  of it s en tr y  in to  for ce , and  
th e  dat e of rece ip t of any  re qu es ts  fo r co nferen ce s or  o th er no tic es .

“ 6. Th is T re aty  sh al l be  regi ster ed  by  th e  D ep os itar y G ov er nm en ts  p u rs u an t 
to  Ar tic le 102 of th e  C h art e r of th e U nited  N at io ns. ”

D ep art m en t of  Sta te , 
Washin gto n, D. C. , M ay  15, 1972 .

H on . J.  W. F ulbr ig ht,
Ch air ma n, Committee  on Foreign  Relat ion s,
U .S . Sen ate .

D ear  M r . C hair m an : The Sec re ta ry  ha s as ke d me to  re pl y to  your le tt er of 
M ar ch  21, 1972, re ques ting  co or di na te d Exe cu tive  B ra nc h co mm en ts  on  S. Res. 
281 . Thi s re so lu tion  wou ld ex pres s th e sens e of th e  Sen at e th a t th e  U nite d S ta te s 
G ov er nm en t sh ou ld  se ek  t h e  a gr ee m en t of o th er g over nm en ts  to  a  tr e a ty  p ro vi di ng  
fo r th e  co mplete ce ss at io n of an y re se arch , ex per im en ta tion  an d use of an y 
envir onm en ta l or  ge op hy si ca l m od if icat io n ac ti v it y  as  a  wea po n of war.  The  te x t 
of a  dr af t tr ea ty  is in co rp ora te d  in th e  re so lu tio n.

As re ce nt ly  as  M ar ch  16, 1972, th e  Pre si de nt in his  me ssag e to  th e Co ng ress  on  
sc ienc e an d te ch no lo gy  has st re ss ed  th e  po te n ti a l im port an ce  of our eart hquake  
and  hu rr ic an e re se ar ch  ef fo rts in re du cing  loss of life and  pro per ty  fro m na tu ra l 
di sa st er s.  Thi s em ph as is  is  c on si sten t w ith  the  v iew  exp re ss ed  in  the  res ol ut io n th a t 
su ch  ac tivi ties  m ay  con tr ib u te  to  hum an  bet te rm ent.

As th e Com m it tee is aw ar e,  th e  Exe cu tive  Bra nc h ha s co nd uc te d a pr el im in ar y 
in te r- ag en cy  review  of que st io ns  re la te d  to  in te rn ati onal as pe ct s of w ea th er  
mod ifi ca tio n.  How ev er , th is  review  di d no t de al  fu lly  w ith se ve ra l as pe ct s of S. 
Re s. 281 an d qu es tion s th a t aros e re la ting  to  o th er im port an t as pe ct s st il l re m ai n 
un an sw er ed . The re fo re , th e  D ep ar tm en t is no t in a po si tion  to  co m m en t on  th e 
su bst an ce  of S. Re s. 281 and  reco mmen ds  th a t th e  re so lu tion  no t be adop te d  a t 
th is  tim e.

T he  Office of M an ag em en t and Bud ge t ad vi se s th a t from  th e  st an dpoin t of th e  
A dm in is tr at io n’s pro gr am , th ere  is no  ob je ct io n to  th e  su bm ission  of th is  re port .

Sincere ly yo ur s,
D avid M.  Abshir e ,

Ass is tant  Secre tary fo r Congress ional Re lat ion s.

R E PO R T S OF U .S . W E A T H E R  M O D IF IC A T IO N  O PE R A T IO N S IN  

SO U T H EA ST  ASI A

In addition, there have been unconfirmed and unofficial repor ts that  
the United States  has or is attem pting to manipulate weather in
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Southeast Asia as a weapon of warfare. These reports have served to 
deepen my own concern.

My own concern started before these reports, I may add.
As chairman of this subcommittee,  I wrote the Defense Dep artment 

on September 23, 1971, requesting  specific information about such 
activities. That is more than 9 months  ago.

After 4 months of correspondence, which I made public on the floor 
of the Senate on January 26 of this year, the Defense Department 
declined to answer my questions on the basis tha t such replies would 
threa ten the national security.

This response, coupled with the revelations made in recent articles 
by several investigative reporters, leaves no doubt in my mind tha t 
the United States  has indeed been conducting weather modification 
operations in Southeast Asia.

This is a situation which I find extremely distressing. Rainmaking 
as a weapon of war can only lead to the development of vastly more 
dangerous environmental techniques whose consequences may be 
unknown and may cause irreparable damage to our global environ
ment. This is why the United States must move quickly to ban all 
environmental or geophysical modification techniques from the arse
nals of war.

The United  States  has been preeminent in the field of meteorology 
and has played a leading role in the development of international 
scientific collaboration in the area of long-range weather forecasting.

The milita ry use of weather modification techniques could seriously 
jeopardize these peaceful scientific programs and could undermine all 
future international  cooperation on environmental  matte rs.

W HAT U N IT E D  ST A T E S SH OULD DO

Therefore, it is imperative that  the United States  enunciate a 
nationa l policy on this subject, which would dedicate all environ
mental and geophysical modification efforts to peaceful purposes. 
Instead of its official silence and actions condoning a gradual drift into 
environmental warfare, the administration should actively explore 
both the advantages of a renunciation of such operations and the pos
sible benefits stemming from an initiative for a multilateral “no first 
use” agreement. In the absence of such a ban, the way has been left 
open to the planning, development, and prosecution of deliberate 
environmental or geophysical warfare.

The United States, as Cochairman of the United Nations  Disarm
ament Committee, should take the initiative  in framing and introduc
ing to the committee a broad tre aty  imposing a prohibition on all forms 
of geophysical and environmental warfare. By these actions the United 
States  would enhance world order  and stabili ty, and encourage a 
greater sense of openness in the application of new technologies to 
environmental problems of global concern.

At this point I would like to have inserted into the recoid various 
newspaper articles from the Providence, R.I., Journal, from the New 
York Times, and from the Washington Post.

(The articles referred to follow:)
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[Fr om  the  Prov ide nce (Rhode Islan d)  Jo ur na l, Ju ne  26, 1972]

P ell  F e e l s  U .S . W age s W e a t h e r  W a r fa r e  

(B y B ru ce  D eS il va)

Washington.—The Pen tagon has the power to  change the weath er and al read y 
may have used th at  power to kill and destroy  in S outhea st Asia.

“ I strongly  believe clouds have been seeded in Sou theast Asia for mili tary  
reasons. There  is very litt le do ub t in my mind,” Sen. Claiborne Pell said during 
an interview in his Washington office la st week.

David Keaney, a member  of th e professional s taff of the  Sen ate foreign rela tions  
commit tee,  is less cautious. “ I have  no dou bt at  a ll,” he said.

Sen ator Pell said he believes the  m ilita ry has been seeding  clouds, perhaps be
ginning as early  as 1966, to clear them away from bombing targets in Nor th 
Vietn am. He said he also believes  seeding with  oth er chemicals has produced 
torr ent ial  rains. The rains have washed out portions of the  Ho Chi Minh Trai l 
impeding the  infilt ration of supplies  and men from No rth  to South Vietnam, and 
caused floods which killed thou sands, he said .

Defense Dep artm ent  spokesmen have admitted th at  the y have  the  capa bili ty 
to dras tica lly increase rainfall, bu t in a sharp exchange of lett ers  with S enator Pell 
and in a  sharp exchange in a Senate foreign relations commit tee hearing with Sen. 
J. William Fulbrig ht of Arkansas, they have  refused to confirm, bu t carefully 
avoided denying, th at  such act ivi ties  are under way in Sou theast  Asia.

Beginning in June of last year  and last ing well into the normally  dry season in the 
fall. No rth  Vietnam was d evast ate d by heavy rains,  typhoons and  floods.

According to reports by Pie rre  Darcourt, a French  journal ist,  the heavy rains  
trigg ered  m ud slides, washed awa y or weakened roads  a nd breached  dikes.

The Associated Press rep orte d th at  flooding destroyed 10 perc ent  of the countr y’s 
rice crop and killed thou sands.

North Vietnamese Premier Pham Van Dong, the  Chr istian Science Moni tor 
repo rted , said water levels in the  enti re Red River and  Tha i Binh Rive r system 
rose to “unp recedented levels.”  He called the  flooding the  “worst disas ter since 
the  beginning of the  war .”

An act of God? Perhaps.
But Senator  Pell said he believes the  disas ter was merely the  most successful 

of Pentagon rainm aking efforts in the  region.
The best evidence th at  the Pentago n is alte ring  the wea ther  is provided in brief 

remarks in the Pentagon Papers. The significance of the  rema rks apparently  went 
largely unnot iced during the  furor of other sensational disclosures in the documents.

According to the Gravel edit ion of the papers,  Volume 4, Page 421, the Joint 
Chiefs of Staff presented Preside nt Lyndon B. Johnson with  a memo in 1967 
sugges ting that, modify ing th e weathe r in the region m ight  be one way of widening 
the war w ithout creating d issent a t home.

The memo s tate d in p art :
“ Laos Operat ions—Continue as at present plus Opera tion Pop Eye to reduce 

traff icability  along infiltr ation routes. Authority/Pol icy Changes— Authorizat ion 
required to implement op erat iona l phase of weather modification process previously 
successful tested and eva luated in some are a.”

Later th at  year, the Pres iden t was p resen ted with a list of escalatio n proposals, 
the Papers indicate . The list included the  following item:

“Cause interdicting rains in or  ne ar Laos.”
Other evidence concerning the rainmak ing efforts are circumstan tial .
In March  of last year, Jack Anderson, a national ly syndica ted columnist, 

claimed in his column tha t the Air Force has been seeding clouds over Laos and 
Cam bodia since 1967. He said the  project went by the code name  of “Inter 
med iary -Compatriot.”

Unlike other Anderson columns,  such as the  one on the  IT T memo or the 
disclosure  of a secret U.S. posture during the  Ind ia-P akistan war, this column 
went largely unnoticed natio nally .

Las t Sep t. 23, S enato r Pell sent  a let ter  to Rady Johnson, assistan t secretary  
of defense for legislative affairs, inquiring  abo ut “the Air Force weather modifi
cation activities agains t the  North Vietnamese.”

The let ter , and all subsequent communication, was m ade public  by the sena tor 
and was inse rted in the Jan . 26 Congressional Record.
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The  le tt e r aske d th e fo llo wing qu es tion s:
“ 1. W ha t ar e th e obj ec tive s of th e pr oj ec t kn ow n by  th e  cod e na me ‘In te r

m ed ia ry -C oi n pa t rio t ’ ?
“2. How  lon g ha s th is  p ro je ct be en  in ex ist en ce ? Wou ld yo u prov ide a ra th er 

de ta il ed  de sc ript io n of th is  pro je ct ?
“3. In  w ha t specif ic co un tr ie s is th is  pr oj ec t co nd uc ted?
“4. W ha t am ou nt s ha ve  be en  sp en t on  th is  pr oj ec t ov er  th e las t th re e ye ars?
“5. Is th e  D ep ar tm en t co nd uct in g an y sim ila r of fens e-or iented  w ea ther  m od i

fic at ion prog ra ms?  If so, w hat  ar e th e na m es  of th es e pr oje ct s an d where  ar e th ey  
be in g co nd uc te d? ”

A N O TH ER  L E T T E R

The  following  da y,  Mr. Jo hnso n repl ied , sa yi ng  t he que st io ns  ha d be en  re fe rred  
to  th e  di re ct or  of de fen se  re se ar ch  an d en gine er ing.

Afte r wai tin g fo r a re sp on se  fo r tw o we eks , Sen at or Pe ll se nt  an oth er  le tt e r to  
M r. Jo hn so n,  ag ain as ki ng  fo r a repl y to  his ea rl ie r qu es tion s.

On  Nov . 23, Mr . Jo hn so n se nt  th e se nat or a  le ng th y repl y.
T he repl y s ta te d  in pa rt  th a t “t he po ss ibi lit ies  in her en t in w ea th er  mod ifi ca tio n 

te ch ni qu es  to  su pp or t m il it a ry  op er at io ns  ha ve  be en  th e su bje ct  o f dis cu ss ion fo r 
mor e th an  20 ye ars. For  a num ber of th es e ye ar s,  th e  D epart m ent of De fen se ha s 
be en  co nd uc tin g seve ra l m odes t re se arch  and de ve lo pm en t pr og ra ms re la ting to  
va riou s form s o f w ea th er  m od if ic at io n. ”

In  th e le tt er , Mr . Jo hn so n s ta te d  th a t re se ar ch  ha s be en  under ta ken  fo r “ th e 
su pp re ss io n of ha il and light nin g (to  redu ce  da mag e to  m il it ar y  pro per ty  and 
equ ip m en t an d to  increa se  sa fe ty  of op er at ions ) an d th e di ss ip at io n of fog  at  a ir 
port s and w ith in  h ar bor s (to  e nh an ce  o pe ra tion s o f saf et y  of a ir cr af t a nd sh ip s. )”

“re la tive ly  s im p l e ”

The  le tt e r ad de d th a t “ On e ex am ple of fr uitf ul  field re se ar ch  has be en  th e  in
ve st ig at io n of pr ec ip it at io n au gm en ta tion . . . . When th e  pr oper  meteo ro logica l 
co nd iti on s prev ai l (t hat is, wh en  clo uds ca pa bl e of pr od uc in g natu ra l ra in  ex ist ) it 
is a re la tive ly  sim ple  m a tt e r to  increase  th e am ount of ra in  wh ich  will fal l. The  
am ount of increase  is f re quentl y  of the  o rd er  of 30 to  50 p er  c en t. ”

Mr. K ea ne y sa id  some sc ie nt is ts  ha ve  to ld  him  th e in cr ea se  co uld actu a lly  be  
te n  or  20 tim es  th a t.  H ow ev er , he  no te d,  a 50 pe r ce nt  incr ea se  in th e mon so on  
ra in s of Sou th ea st  Asia can ha ve  a  tr em en do us  im pa ct .

Mr. Jo hnso n’s le tt e r no te d  th a t in 1969, th e D epart m ent of De fen se,  a t th e  
re ques t of th e  Ph ili pp in es , co nd uc te d a six- m on th  ra in m ak in g pr oj ec t on  th e 
Phi lipp in e Is land s to  re lie ve  a dro ug ht . “The  Ph ili pp in e go ve rn m en t co ns idered  
th e  undert ak in g  so succ es sfu l th a t th ey  ha ve  su bse qu en tly  ta ken  step s to  ac qu ire 
an  in de pe nde nt capabil it y ,”  th e  le tt e r ad de d.

“ I tr u s t, ” th e le tt e r clo sed, “t h a t th e  forego ing in fo rm at io n will be  he lpfu l 
to  yo u an d regr et  th e  de lay in re sp on ding  to  you r in qu ir y .”

Q U E ST IO N S U N A N SW ER ED

But  th e le tt e r di d not  an sw er  a sin gle  one of Sen at or Pell ’s qu es tio ns .
Sen at or Pell se nt  a le tt e r to  Defen se  Sec re ta ry  Melv in Lai rd  on Dec. 3 st a ti ng  

his di ss at is fa ct io n w ith  Mr. Jo hnso n’s le tt e r an d re qu es ting  “a  w ri tten  re sp on se  
to  th e  specif ic qu es tions .”

M r. Lai rd  re fe rred  th e le tt e r to  Jo hn S. F ost er  Jr .,  d ir ec to r of de fen se re se ar ch  
and en gine er ing, who se nt a  w ri tt en  repl y to  Sen at or  Pe ll on  De c. 16.

“ C er ta in  as pe ct s of  our work in th is  ar ea  ar e clas sif ied,” Mr . F ost er’s le tt e r 
sa id . “ Rec og nizing  th a t th e  C on gress is c on ce rned  w ith  t he  q ue st io n of th e m il it ar y  
ap plica tion of w ea th er  m od if icat io n te ch no logy , I ha ve , a t th e  di re ct io n of Se cre
ta ry  La ird , see n to  it th a t th e  ch ai rm en  of th e co m m it te es  of Co ng res s w ith  p ri 
m ary  re sp on sibi lit y fo r th is  dep a rt m en t’s ope ra tion s ha ve  be en  co mpl etely in 
fo rm ed  rega rd in g th e de ta il s of all  cla ssi fied w ea th er  mod ifi ca tio n under ta k in gs 
by  th e  dep ar tm en t.

“ r e s p e c t f u l l y  d e c l in e ”

“ How ev er , sin ce th e in fo rm at io n to  which  I re fe r ha s a  de fini te  re la tion sh ip  to  
nati onal se cu ri ty  and  is cla ss ifi ed  as a re su lt , I find it  ne ce ss ar y to  re sp ec tful ly  
de cl in e to  mak e an y fu rt h e r dis clo sures of th e  det ai ls  of  th es e ac tivi ties  a t th is  
ti m e .”

Sen at or  Pell  sa id  he under st ood th e le tt e r to  m ea n th a t on ly  Sen . Jo hn Ste nn is , 
D-M iss. , a nd  Rep . F.  E dw ar d H eb er t, D-L a. , the  ch ai rm an  of  th e Se na te  and H ou se  
arm ed  ser vic es  co m m it te es , had  be en  br ie fed on  th e m att e r.
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The  br ie fin gs  we re co nf id en tial  and  m ak e it  im po ss ib le  fo r th ose  tw o legi slator s 
to  di scus s th e  m att e r ev en  if th ey  w an t to .

S en at or Pe ll sa id  he ha s be en  of fe red a  cla ssi fie d br ie fin g b u t ha s de cli ne d to  
ac ce pt  it  be ca us e it wo uld lim it  his abil ity  to  as k De fen se D epart m en t off icia ls 
pr ob in g qu es tion s ab out th e  pro je ct a t fu tu re  Sen at e he ar in gs  and  lim it his  
free do m  to  sp ea k ou t on  th e  su bje ct.

L A R G E L Y  U N N O TIC ED

W he n Mr. Lai rd  appea re d be fo re  th e  fore ign re la tions co m m it te e in Ap ril to  
te st if y  co nc er ni ng  rene wed  bo m bi ng  of th e N orth , S en at or Pell  and Sen at or 
F u lb ri ght qu es tion ed  him  br ie fly  on  w ea th er  m od if ic at io n.  The  ex ch an ge  w en t 
la rg ely un no tice d in th e  pre ss .

Senato r Pe ll as ke d Mr. L ai rd  if th e  U nit ed  S ta te s had  en gag ed  in ra in m ak in g 
ac tiv it ie s “fo r m il it ar y reas on s in  South ea st  Asia.”

Mr . Lai rd  repl ied , “ I don’t di sc us s th e oper at in g  au th o ri ty  th a t we go fo rw ar d 
w ith  as  fa r as  Sout he as t Asia sp ec ifi ca lly , but  I wou ld  be  gl ad  to  discuss w ith  y ou 
th e  te ch niq ue s th a t ha ve  be en  use d out si de  th e b a tt le  zo ne .”

Sen at or Fulb ri ght as ke d,  “ W hy  do yo u de cli ne  to  di sc us s w ea th er  co ntr ol 
act iv it ie s in N orth  Vie tnam , y e t yo u free ly  di sc us s B -5 2 Hights ov er  N ort h  
V ie tn am ?”

A fter  a br ie f ex ch an ge  be tw ee n Mr . Lai rd  and  Sen at or Fu lb ri gh t,  Mr . Lai rd  
sa id , “ We  ha ve  ne ve r en ga ge d in  th e  ty pe  of ac ti v it y  ov er  N o rt h  V ie tn am .”

S enato r Pe ll sa id  la s t wee k th a t  M r. Lai rd  ca re fu lly lim it ed  his  resp on se  to  
“ ac ti v it y  o ve r N ort h  V ie tn am .”  I t  wo uld  be  e xp ec te d th a t cl ou ds  wo uld be  s ee de d 
ov er  La os  or Cam bo di a or  ove r th e  Ton ki n Gu lf,  de pe ndin g on  th e tim e of yea r,  
ra th e r th a n  o ve r N ort h  V ie tn am , Sen at or Pe ll ad ded .

The se nato r sa id  th e D ef en se  D ep ar tm en t ha s be en  “ ex tr em el y se nsi tive”  to  
qu es tion in g abou t w eat her  m od if ic at io n an d th a t in fo rm at io n ab out it  ha s be en  
di ff icul t to  ge t.

Su ch  an  o per at io n  is ea sy  t o  ke ep  se cr et , be ca us e th re e m en  in a sm all  pl an e ar e 
all  th a t is ne ed ed  to carr y  it  o u t.  Large  nu m be rs  of  m en  ne ed  n o t be inv olve d,  th e 
se nato r sa id .

S en at or Pe ll sa id  o ne  in di ca tion th a t th e P enta gon is invo lv ed  in w ea th er  m od i
fica tio n ov er  V ie tn am  is th e  U nit ed  S ta te s’ de cis ion to  to rp ed o a re so lu tion  on  
w ea th er  mod ifi ca tio n a t th e  U nit ed  N at io ns  E nvir onm enta l Con fe renc e in Sto ck 
ho lm  ea rl ie r th is  m ont h.

A re so lu tion  on  th e  ques tion re qu ired  th a t be fo re  ta k in g  any  ac tio n th a t m ig h t 
ha ve  an  ef fect  on  th e cl im at e,  a  gov er nm en t sh ou ld  evalu a te  th e ch an ge  th at , 
co uld oc cu r an d di ss em in at e it s find ings .

“ it  g iv e s  th em  an  o u t”

T he U nit ed  S ta te s su cc ee de d in am en di ng  th e  ag re em en t to  sa y th a t in fo rm a
ti o n  w ilb be  d is se m in at ed  “ to  th e  m ax im um  e xte nt fe as ib le .”

“ I t  gives th em  an  ou t.  T hey  ca n sa y th a t di ss em in at io n is no t fea sib le fo r secu 
ri ty  r ea so ns, ” Sen at or Pe ll sa id .

Fea rf ul th a t th e P en ta gon ’s tinker in g  w ith na tu ra l phen om en on  m ay  no t be  
lim ited  to mak e ra in , S en at or Pe ll ha s pr ep ar ed  a d ra ft  of  a tr e a ty  th a t wo uld  ba n 
all  w eath er an d cl im at e m od if ic at io n act iv it ie s as  wea po ns  of  war .

On M ar ch  17, he in tr oduc ed  a re so lu tio n in th e  Se na te  st a ti n g  th a t it is “ th e 
se ns e of th e  Sen at e”  th a t su ch  a tr ea ty  be  ne got ia te d. Amon g its  14 spon so rs  ar e 
Sen at or s Edw ar d M.  K en ned y of M as sa ch us et ts , Ge orge  M cG ov er n of Sou th  
D akota , and H ubert  II . H um phre y, M in ne so ta .

“ W he n I prop os ed  th e  se ab ed  tr e a ty  (b an nin g nucl ea r ar m s fro m th e oc ea n 
flo ors),  a st ri ng  of  A BM ’s a lo ng  t he A tlan tic R idge  and  cr ee py cr aw le rs  (t an k- like  
wea po ns  th a t wo uld craw l al ong  t he  oc ean floo r) we re on  t he d ra w in g bo ar d at  th e  
P en ta gon .”  Sen at or  P ell sa id .

CAN LE AD  TO  D IS A S T E R

W ea th er  mo di fic at io n is al so  “a wea po n th a t ca n lead  t o  d is ast er, ” he sa id .
If  th e  Pen ta go n can m ak e ra in , is it  als o tr y in g  to  de ve lo p way s to  di ve rt  ty 

ph oo ns  t o  the shor es  of  o th er nat io ns or  cau se  eart hquakes?  t h e  sen at or won de red.
W itho ut  a tr e a ty  bannin g su ch  ac tivit ie s,  an  in la nd  nati on  could  m el t th e  

an ta rc ti c  ice (w hic h ca n be  ea si ly  don e by  spr in kling so ot  on  it  ac co rd in g to  sc ien
ti st s)  and rai se  t he  lev el of th e  sea by  300 feet , he  sa id .
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Sen at or Pell re fe rr ed  to an  ar tic le  by  Gor do n J . F.  M cD on ald,  a m em ber  o f the 
Cou nc il fo r E nvironm en ta l Q ua lit y in  the Nixon  a dm in is tr at io n, wh ich  w as pri n te d  
in 1968 in a bo ok  ti tl ed  “ Un less Pe ace Com es .”

In  th e  ar ti cl e,  M r.  M cD on ald sa id  w eath er an d cl im at e m od if icat io n “ m ig ht be 
ca rr ie d ou t cover tl y  sin ce  n a tu re ’s g re at ir re gu la ri ty  pe rm its st orm s,  flooding , 
ea rt hquakes,  an d ti dal waves to  be view ed  as  un usu al  bu t no t unex pec te d .”

OR E V E N  K NO W N

“Su ch  a se cr et  war  will  n ev er  be dec la re d or ev er  kn ow n by  t he af fe cted  popu la 
tion . It  co uld go on  fo r ye ar s w ith  on ly  th e  se cu ri ty  for ces invo lv ed , be ing aw are 
of i t ,” th e  ar ti cl e st a te d .

“ Th ese ar e th e  ki nd s of we apons I don’t w an t to  see  de ve lo pe d, ” S en at or Pel l 
sa id , ad di ng  th a t th e  So viet Union  is do in g re se ar ch  on  w ea th er  and  cl im at e 
mod ifi ca tio n.

Sen at or Pe ll sa id  he plan s he ar ings  on  hi s re so lu tion  a nd tr e a ty  l at e ne xt  m onth  
o r in  Aug us t.

He sa id  he ex pe ct s to  ha ve  “s om e ex ci ting  w itn es se s” fo r th e he ar in gs  and  ho pe s 
th e he ar in gs  will  “ flush o u t”  th e tr u th  co nc er ni ng  Pen ta gon w ea th er  m od if icat io n 
ac ti v it ie s.

[F ro m  th e W as hi ngt on Post , Ju ly  2, 19 72 ]

W ea th er  W a r : A G at he ri ng  Stor m

(By V ictor Cohn)
Te ch no logi ca l Ameri ca , th a t ac co m pl ishe d la se r- ra da r- el ec tron ic  w ar rior , ha s 

be en  lear ni ng  to  us e st ill  an oth er  re m ot e- co nt ro l wea po n:  co nt ro l of th e  w ea th er  
fo r m il it ar y  pu rp os es .

In doc hi na — by  t he  e vide nc e of a long -ign or ed  pa ssag e in  t he  Pen ta gon P aper s—  
ha s be en  a te s t ba tt le gro und, th e  si te  of pur po se fu l ra in -m aki ng alo ng  th e  Ho Ch i 
M in k tr ai ls . So me  accu se rs , going  fu rt her,  ho ld  Amer ican  ra in -m ak er s re sp on sibl e 
fo r th e  floo d di sa st er s th a t st ru ck  N ort h  V ie tn am  la st  ye ar .

Ho w m uc h th ere  is pa st  a hard  ke rn el  of tr u th  be hi nd  an  a rr ay  of incr ea sing ly  
se rio us  ac cu sa tion s is un cle ar . Yet  th e  very  p os sibi li ty  t h a t th ere  ha s be en  se riou s 
w ea th er  w ar —a s well as  t he  em erging  fa c t th a t th e  Pen ta gon ha s be en  sy st em ati 
ca lly  de ve lo pi ng  a  r ai n- m ak in g ca pabil it y— is en ou gh  t o  ch ill m an y s ci en ti st s.

Th es e sc ie nti st s includ e fe ar fu l pro phets  wh o w ar n of fu tu re  “ ge op hy sica l 
w ar fa re ” —w ar s wa ge d by  ad ju st in g, ch an ging , mod ify ing an d u lt im ate ly  de
sp oi lin g th e  ai r, w at er  an d ea rt h .

The y als o in cl ud e a grow ing num ber of wea ther -m od ifi er s, sc ie nt is ts  in te re st ed  
in  th e  pe ac ef ul  uses  of seed ing clo uds, m od ifyi ng  hu rr ic an es  or  pre venti ng  ha il to  
he lp  fa nners  a nd  e ve ry on e else.

operat ion  pop eye

The  te rm  “s ee di ng ” simply mea ns  m ak in g th e pro pe r clo ud s yi el d ra in , or de 
st ru cti ve force,  by  bo m ba rd in g th em  w ith  si lver  iod ide pa rt ic le s.  The  pa rt ic le s 
ac t as  co nd en sa tion  nu cle i ar ound which  m oi st ur e can fo rm . Th e w ou ld -b e clo ud  
en gine er s w an t to  de ve lop su ch  pr ogra m s th ro ugh  in te rn ati onal co op er at io n,  be 
ca us e bo th  w eath er an d w ea th er  mod if ic at io n ign ore bo rd er s.

W ea th er  mod if icat io n,  th es e me n be lie ve , is on  th e ve rge of hu ge  ad va nc es , an d 
ne ed s on ly  a pe riod of co nce ntr at ed  re se ar ch , in a fr am ew or k of in te rs ta te  an d 
in te rn ati onal ru le s.

B ut “ if it tu rn s o u t th a t th e U.S . ha s m il it ar is ti c uses  for  w ea th er  m od if ic at io n, ” 
on e w ea th er  sc ie nti st  m ai nt ai ns , “ in te rn ati onal w ea th er  pr og ra m s wou ld dr op  
dea d .”

A p ro m in en t W hi te  Ho use  s ci en tist , D r. Gor do n J.  F.  M ac D on al d,  ge op hv sici st - 
m em be r o f th e  P re si den t’s t hr ee -m an  Cou nc il on  Environm en ta l Q ual ity , is a mon g 
thos e who be lie ve  it  is im port an t fo r nati ons to  ag ree no t to  wa ge w ea th er  w ar — 
“ be fo re ,”  as  he  p u t it,  “ it become s a re a li ty .”

Sen. C la ib or ne  Pe ll (D -R .I .)  is pro m in ent am on g m em be rs  of Co ng ress  who 
be lie ve  it ha s be come  a re al ity.  “ Ther e is ve ry  li tt le  doubt in m y m in d ,” he says . 
Rep . G ilb er t G ud e (R -M d .)  st a te s:  “ T here ’s no doubt in my  m in d th a t it ’s g oin g 
on  in V ie tn am .”
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“ I th in k th ere ’s no  doub t ra in -m ak in g was  us ed  in La os  on th e tr a il ,”  sa ys a 
Sen at e co m m it te e ai de wel l ve rsed  in de fens e af fa irs . “ An d I th in k th ere 's  li tt le  
doub t th a t it  ha s be en  us ed  fa irl y re ce ntly ; th a t is, in 1971.”

Su ch  use , in 1971 or othe rw ise,  m ay  hav e be en  on ly  sp or ad ic , se ve ra l so ur ce s 
be lieve . “ O th er w is e, ” sa id  one, “a  lo t mor e pe op le  wou ld  ha ve  kn ow n a b o u t it  
lon g ag o. ”

It  is a “s uc ce ss fu l” pre-19 67  use, so m et im e in th e  ye ar s of Vie tnam  es ca la tion , 
poss ibl y in 1966,  th a t is do cu m en te d in th e “S en at or G ra vel ” ed it io n of  th e  
Pen ta go n Pap er s.  In  la te  Feb ru ar y, 1967, th is  do cu m en t dis clo ses  th e Jo in t 
Ch ief s of Sta ff  p re par ed  a lis t o f  “a lt ern ati ve  st ra te g ie s”  fo r Pr es id en t Jo hnso n.

One , ti tl ed  “ Laos O pe ra tions ,”  re ad :
“ C on tinu e as  a t pre se n t plu s O pe ra tion  Po p E ye to  redu ce  tr af fi ca bi li ty  al on g 

in fi lt ra tion  ro ut es  . . . A ut ho riza tion  re qu ir ed  to  im pl em en t ope ra tion al  ph as e 
of weather mod ifi ca tio n process prev ious ly suc cess ful ly tested  an d evaluate d in  sam e 
are a.” (I ta lic ad de d. )

In  1967— ac co rd in g to  co lu m ni st  Ja ck And erso n,  wh o pu bl ishe d th e fi rs t 
al lega tio n of In dochin a ra in -m ak in g— U.S. for ces s ta rt ed  se cr et  Pro je ct  In te r 
m ed ia ry  C om patr io t “ to  ham per  en em y logisti cs  . . . (w ith ) cla im ed  succ es s in 
cr ea ting  m an -m ad e cl ou dbu rs ts  . . . (an d) flo od ing  co nd it io ns ” alon g th e  H o 
Ch i M inh tr ai ls , “m ak in g th em  im pa ss ab le .”

“ c l a s s if ie d ” w ork

Sen at or  Pell, m os t pe rs is te ntly , and Rep . Gud e an d Sen . Ala n C ra nst on  (D - 
Ca lif .),  on be ha lf of M em be rs  of Con gres s fo r Pe ac e Thr ou gh  Law , ha ve  sh ow er ed  
th e Pen ta go n w ith  in qu ir ie s sin ce  And erso n pu bl ishe d his ch arge s in M arch , 1971 . 
Defen se  Sec re ta ry  M elvin Lai rd  and D irec to r of Defen se  Res ea rc h and E ngin eer
ing  Jo hn  Fost er  ha ve  re pea te dly  repl ied (to  qu ot e Lai rd ):  “S om e as pe ct s of  ou r 
work in th is  are a ha ve  a  de fin ite  re la tion sh ip  to  n a ti onal se cu ri ty  a nd a re  cla ss ifi ed  
ac co rd in gl y. ”

In April,  Sen at e For ei gn  R el at io ns  C om m it te e C ha irm an  J.  Willi am  F u lb ri gh t 
(D -A rk .),  pr es se d fu rt her,  as ki ng  Lai rd : “ Wh y do yo u decli ne  to  dis cu ss  w ea th er  
co nt ro l ac tivi ties  in N ort h  Vie tnam , ye t yo u free ly  discuss B-5 2 flig hts  ov er  V ie t
nam ?”  Lai rd  re pl ied bl an dl y,  “ We ha ve  ne ve r en ga ge d in  th a t ty pe of ac ti v it y  
ov er  N or th  V ie tn am .”

F ulb ri gh t fa ile d to  go on  to  as k Lai rd  abou t La os  or Cam bo di a or  th e  Gul f of 
Ton ki n,  whe re so me V ie tn am  w ea th er  origi na te s.  “ H e ju s t d id n’t fol low  up  on  
th a t ques ti on ,”  on e of his  st af f ex pl ai ns , “ li e  was tr y in g  to  co ve r a wh ole  ra ng e of 
th in gs. ”

The  Defen se  D ep art m en t free ly  re port s th a t i t  ha s “ field ca pab il it ie s”  fo r 
m ak in g ra in . I t  u se d th em  in th e Phi lipp in es  in  1969, in  a six- mon th  “pre ci p it at io n  
augm enta ti on  p ro je c t”  a t th e  Phi lippi ne s re quest ; in  In d ia  in 1967, a t a  si m ilar  
in v it a ti on ; ov er  O ki na w a an d M id way  is land s,  and  in  Ju ne , Ju ly , an d A ug us t 
1971, ov er  dro ught- st ri cken  Te xa s, a t th e  u rg en t re quest  of Gov . Pre st on Sm ith.

P ie rr e Sai nt- A m an d, he ad  of eart h  and p la ne ta ry  sc ien ces fo r th e N av al  O rd 
na nc e L ab ora to ry  a t C hin a La ke , Ca lif ., le d th e  Phi lipp in e P ro je ct , which  th a t 
go ve rn m en t co ns id er ed  high ly  succ es sfu l. The  In d ia  and M idway  tr ie s fa ile d fo r 
lack  of su it ab le  c loud s.  B ut  th e Tex as  e ffor t, by  A ir For ce  c rew s, was “r em ark ably  
su cc es sful ,”  in  S ain t- A m and’s vie w.

N avy  ra in -m aker s ar e  cu rr en tl y  in vo lv ed  in  tw o long -ran ge  C al ifor ni a p ro 
gr am s— on e ov er  th e  Pa cif ic off S an ta  B ar bara , an  a tt e m p t to  in cr ea se  ra in fa ll  
ov er  a  national  fo re st ; th e  o th er ove r th e  C en tr al  Si er ras to  tr y  to  in cr ea se  th e  
sn ow -p ac k fo r el ec tr ic  uti li ti es  th a t de pe nd  on w ate r po we r.

Ai r Fo rce w ea th er  m od ifyi ng  is do ne  by  Ai r W ea th er  Se rvice , w or ki ng  o u t of 
Sco tt  Fi eld,  E as t S t.  Lo uis , Ill ., w ith  part ic ip ati on  by th e E nvir onm en ta l T ech
no log y App lic at io ns  C ente r a t Sui tl an d,  M d.  O pe ra tion s ov er  In do ch in a ar e flown 
o u t of U do rn  Ai r For ce  Ba se,  T ha ilan d, sa ys  a Sen at e source .

“ Non e of th e  w eath er re se ar ch  wor k in  th e en ti re  D OD  is clas sif ied,” S a in t-  
Aman d ad ds —th e  w or d research sh ou ld  be  no te d he re.  “ Our  labs  ar e op en  to  
an yo ne  wh o w an ts  to  co me  and  see  w hat we’re doin g.”  Ch ief  Sc ient is t Jo hn  N . 
H ow ar d of th e  Ai r F orc e’s Cam br id ge  Res ea rc h L ab ora to ri es  a t Bed fo rd , M as s. , 
m ad e a  sim ila r s ta te m en t.  The  De fen se  D epart m en t’s Adv an ce d Res ea rc h P ro j
ec ts  Agenc y (A RPA) lik ew ise  re port s co ndu ct in g on ly  un cla ss ifi ed  re se ar ch .

An A RPA  st udy  ca lle d Ni le Blue  ha s be en  ci te d by  some of th e m il it a ry ’s ac
cu sers as  pr im e ev id en ce  of ne fa riou s D OD  ra in m ak in g. A ctua lly,  Nile  Blu e 
is a st udy  by  com pute r of how pu rp os ef ul  or  ac ci den ta l m an -m ad e ch an ge s m ig h t
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aff ec t th e  glob e’s year- to -y ear cl im at e ra th e r th an  th e day -t o-d ay  condit io ns 
ca lle d w ea ther .

Ni le Bin e ha s be en  fu nded  th is  yea r a t $2.5 mill ion bu t will rise  to  $3.1 m ill ion 
in  fisca l 1973, w ith  us e of a ne w su pe r- co m pu te r,  Il lia c IV, de sig ne d a t th e  U ni
ver si ty  o f Ill ino is and  n ow  be ing in st al le d a t Ames R es ea rc h Ce nter , M of fe tt Fi el d,  
Ca lif .

Defen ding  th e pr oje ct , A RPA  Dire ct or  S te ph en  J.  Luk as ik  to ld  th e Sen at e 
A pp ro pr ia tion s C om m it te e in M ar ch : “Sin ce it  now appears  high ly  pro ba bl e th a t  
m ajo r wo rld  powe rs hav e th e  abil ity  to  cr ea te  mod if ic at io ns  of cl im at e th a t m ig ht 
be  se rio us ly  de tr im enta l to  th e se cu ri ty  o f th is  countr y , Ni le Blue  . . . wa s e s ta b 
lish ed  in FY  70 to  ac hi ev e a U.S . capab il it y  to  (1) evalu a te  all co ns eq ue nc es  of 
a vari e ty  of poss ibl e act io ns . . .  (2) dete c t tr en ds  in th e  glob al ci rc ula tion whi ch  
fo re te ll ch an ge s . . . and  (3) det er m in e if po ss ibl e, m ea ns  to  co un te r po te n ti a ll y  
de le te riou s cl im at ic  ch an ge s . . .”

“ W ha t th is  m ea ns, ” L ukas ik  e xp la in s, “ is l ea rn in g ho w m uc h yo u ha ve  to  ti ck le  
th e  at m os ph er e to  pert u rb  th e e a rt h ’s cl im ate.  I guess  we’d cal l it  a th re a t asse ss 
m e n t. ”

A V IS IO N  O F EC O C ID E

II ow  m ig ht  su ch  ch an ge s be  m ad e by  on e countr y  de si ring  to  har m  an oth er?
The high ly  re sp ec te d Dr. M ac D on al d,  wh o will  le av e th e  W hi te  Hou se  so on  to  

te ach  a t  D ar tm outh , w ro te  a 1968 w ar ni ng  ag ai nst  ge op hy sica l war fa re , ti tl ed  
“ H o w  to  Wreck  th e  E nv ir onm en t. ” On w ea th er  war  in  In do ch in a,  he  no w sa ys  
on ly , “ I w ou ld n’t  kn ow  ab o u t th a t .”  B ut m el ting  th e  Arc tic  ice ca p by  some 
m ea ns , he  co nj ec tu re d in  1968 , mig ht  be  on e fu tu re  w ay  in wh ich  a land -loc ke d 
equa to ri a l co untr y  co uld flood  th e wor ld ’s co as ta l ci tie s wh ile  in su ring  its el f a 
te m pora te  cl im ate w ith a b u n d a n t ra in fa ll.

“ As econ om ic co m pet it io n  am on g m an y ad van ce d nat io ns he ig hte ns, ” he  
w ar ne d,  “ it may  be to  a  c o u n tr y ’s ad van ta ge  t o  e ns ur e a pe ac eful  na tu ra l en v ir on
m en t fo r its el f and a d is tu rb ed  en vir onm en t fo r its  co m pe ti to rs . O pe ra tion s . . . 
m ig ht be ca rr ied ou t cover tl y  . . . The  ye ar s of d ro ught an d st or m  wo uld be  a t 
tr ib u te d  to  unki nd ly  n a tu re  and  on ly  aft er a  nat io n  we re th or ou gh ly  dra in ed  
wou ld  an  ar m ed  ta ke over be  a tt em p te d .”

Fa r- fe tc he d?  Sho rt -t er m  ra in -m ak in g— which  M ac D on al d in 1968 ca lle d on ly  
a “fu tu re ” m il itar y pos si bi li ty —al re ad y see ms  an  ea sier , if ca pr ic ious , wea po n.

“ W he n th e pr oper  meteo ro lo gi ca l co nd it io ns  pr ev ai l (t h a t is, when clou ds  
ca pa ble  of pr od uc in g n a tu ra l ra in  ex is t) ,”  Lai rd  to ld  Sen. Pel l in a N ov em be r 
le tt e r,  “ it is a re la tive ly  sim pl e m att e r to  incr ea se  th e  am oun t I of ra in  which  will  
fa ll.  The  am ou nt  of in cr ea se  is fr eq ue nt ly  of th e  or der  of 30 to  50 pe r cen t. ”

Lai rd  ca re fu lly  added: “ Massiv e do w np ou rs  ha ve  n o t be en  pr od uc ed , an d 
th eo re ti ca l kn ow led ge  a t hand  in di ca te s th a t th is  will pro ba bly  alway s be  th e  
ca se .”  Th is,  if ob liq ue , se em ed  to  qua rr el  w ith th e al le ga tion s th a t th e  1971 
N o rt h  V ie tn am  floo ds had  be en  pr od uc ed  by  th e Pen ta gon. Pell, ho wev er,  m ain 
ta in s th a t U.S. clou d- se ed in g pr od uc ed  th e floods , wh ich  he  s ay s kil led  t housa nds.

“ it  IS  E N T IR E L Y  P O S S IB L E ”

R obert  M. W hi te , th e  n a ti o n ’s ch ief  w ea th er  m an  as  d ir ec to r of th e  Co mmerce  
D ep art m en t’s N at io nal  O ce an og ra ph ic  a nd  Atm os ph er ic  A dm in is tr at io n (N OAA), 
de cl in ed  to  discuss m il it ary  m a tt e rs  in  an  in te rv ie w . B ut to  th e  qu es tio n,  “ Cou ld  
clo ud  s ee ding  cause  flo od ing? ” he —un lik e L ai rd —sa id , “ Yes , it  i s e nti re ly  p os sib le 
to  ge t he av y ra in s ou t of cert a in  clou ds .”

“ In  th e  past  de ca de ,” W hite ad de d,  “t her e ha s be en  a co ns iderab le  ch an ge  of 
vie w in  th e  sc ien tif ic co m m unity  on  w ea th er  mod if icat io n.  I th in k  m os t kn ow l
ed ge ab le  people wou ld ag re e th a t we ha ve  pr im it iv e ca pa bi lit ie s fo r mod ifyi ng  
cer ta in  w ea th er  p a tt e rn s.  And  i t is r ea so na bl e no w to  loo k to  p os sib le dev el op m en t 
of mor e so ph is tica te d on es .”

Amon g patt ern s th a t can “ pre d ic ta b ly ” be  mod ifi ed , he  sa id , ar e:  cold  fog (w hic h 
can be  cl ea n' d  from  ai rf ie ld s) ; cu mul us  clo ud s (m os t co mm on  in  th e tr opic s— “ In  
F lo ri da ,”  W hite  sa id , “ we hav e be en  ab le  al m os t a t wil l to  m ak e th em  grow  
ex pl os iv el y” ) ; o ro gr ap hi c clou ds  (m oist a ir  mov in g up  over  m ounta in s— “ At  th e  
ri gh t te m pera tu re  you  can be gin th in kin g of milk in g th em  fo r w ate r” ) an d hail 
st orm s (w hich  c an  o ften  b e s up pr es se d,  ac co rd in g t o  re ce nt  c la im s by th e  R us si an s,  
who  fire  si lver  iod ide in to  th em  from  ro ck et s and ar ti ll er y).
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Bey on d th es e,  th ere  ar e stor m s like hurr ic an es —a H ur rica ne  Agnes , fo r ex
am pl e— which  can not ye t be re liab ly  su pp re ss ed , “ bu t fo r which  we hav e so me 
en co ur ag in g re su lt s, ” in  W hi te ’s v iew .

All in all , he  su m s up , “ We’re be gi nn in g to  mov e fro m a si tu ati on  whe re  ev ery 
th in g t h a t hap pe ns in  th e at m osp her e is an  act  of God  to  whe re some th in gs ar e 
an  ac t of m an .”

T H E  M ORAL IS S U E

W ha t pert u rb s m any  sc ie nt is ts  is th e  m ora li ty  of us ing su ch  “ac ts  of  m a n ” 
fo r m il it ar y pu rp os es .

The  N avy ’s Sai nt- A m an d em phat ic al ly  do es  no t see  tu rn in g  w ea th er  in to  a  
wea po n as  so m et hi ng  in he re ntly ev il.  “ If  yo u es ti m ate  th e  am ount of dam ag e 
do ne  by  im pe di ng  so m eo ne ’s tr an sp o rt a ti o n  ve rs us  blo wi ng  or  burn in g th em  up , 
I don’t th in k  it is so im m ora l,” he to ld  Sc ien ce mag az ine.

M os t sc ie nt is ts , le ft -w ing and est ab li sh m en t,  seem  to  disagree .
The  Scien ce fo r Vie tnam , Chica go  Col lect iv e— a ra di ca l an ti -w ar gr ou p of 

sc ie nt is ts  an d st uden ts  who fir st sp o tt ed  th e pa ss ag e in th e  Pen ta gon P apers —  
ch arge s:  “ The  U.S . gov er nm en t ha s em ba rk ed  on  a  to ta ll y  ne w and  in si di ou s 
for m of w ar fa re  . . . (t hat)  co uld d is ru p t th e  ec on om y and soc ial  s tr u c tu re  of a 
sm al l co untr y ; it co uld cr ea te  fa m in e . . .”

U ni ve rs ity  of C on ne ct ic ut  G ra duate  D ea n Tho m as  Malon e, ch ai rm an  of th e  
N at io na l Aca de my of Sc ien ces’ W ea th er  M od ifi ca tio n Pa ne l, likewise  sa ys:  “ I ’m 
op po se d to  it .”  He ur ge s a tr e a ty  th a t wo uld no t mer ely ba n w ea th er  w ar  but go 
on  to  en co ur ag e in te rn ati onal w ea th er  m od if icat io n “in a po si tiv e w ay .”  A 1971 
Aca de my st udy  urg ed  th e  U nited  S ta te s to  sp on so r a U nited  N at io ns  re so lu tion 
de di ca ting  all  w eath er mod ify ing to  peace.

Un les s nati ons do  th is , M alon e to ld  Science,  “ we wil l fac e ho rr en do us  pol it ic al  
pr ob le m s— p u tt in g  th e  genie  ba ck  in th e  bo tt le .”

Pe ll ar gu es  th a t pre se nt m il it ar y  ac tivi ti es  “co uld ver y wel l lead  to  an o th e r 
in te rn ati onal ar m s ra ce .”  “ The  use of ra in -m akin g as  a we ap on  of w ar  ca n only  
lead  to  th e  de ve lo pm en t of vas tl y  mor e da ng er ou s en vi ro nm en ta l te chn iq ues, ” 
he  says . “ We m us t m ov e qu ickl y to  plac e w ea th er , cl im ate an d ge op hy sica l m odi
fica tio n off li m it s. ”

Jo in ed  by  13 co lle ag ue s (M cG ov er n,  Hum ph rey, . Ca se,  Co oper,  C ra nst on, 
H art , Hug he s, Ja v it s,  Ken ne dy , M on da le , Nels on , T unney  and W ill iams) , he  
ha s prop os ed  a  Sen at e re so lu tion  ur gi ng  th a t th e  U nited  S ta te s seek  a  tr e a ty  to  
bar  bo th  w ea th er  w ar  a nd  resea rch in to  i t.  As c ha irm an  of t he  S en ate Fo re ig n R el a
tion s C om m it te e’s in te rn ati onal envir onm en t su bco m m it te e,  Pe ll wi ll tr y  to  
sm ok e Lai rd  o u t fu rt h e r a t up co ming he ar in gs , per hap s th is  m on th .

LA CK O F R E S P O N S E

Th e ad m in is tr at io n , too,  may  be  co ns id er ing th e su bj ec t. But  ho w se riou sly 
it  is do ing so  is unsu re .

The  Penta gon’s F ost er to ld  Gl ide  th a t th e  N ational Se cu ri ty  Cou nc il U nder 
Se cr et ar ie s’ C om m it te e “a t th e  re qu es t of  D r. K issing er  is curr en tly  m ee ting  to  
fo rm ul at e a de fini tive  nat io nal  po licy. Pre su m ab ly  th is  policy, wh en  co m pl et ed , 
will be an no un ce d to  t h e  nat io n in som e appro pri at e fa sh io n.”

T he  NS C un it  in vol ved  is he ad ed  by  H er m an  Po llo ck , th e  S ta te  D epart m en t’s 
di re ct or  of in te rn ati onal sc ient ifi c af fa irs . He  re port s th a t it  ha s co ns id er ed  onl y 
pe ac eful  w ea th er -m ak in g,  not m il it ar y.

Pe ll is un di sc ou ra ge d by  lack  of ad m in is tr a ti on  re sp on se  so fa r to  th e  pl ea s 
th a t it  su pp or t hi s pr op os ed  tr ea ty , or  th a t th e P re si den t de cla re  th a t th e  U nit ed  
S ta te s will ne ve r be  fir st to  wage w ea th er  wa r.

“ I rem em be r w hat  hap pe ne d five ye ar s ago whe n I firs t in trod uc ed  a d ra ft  
tr e a ty  to  ba n nu cl ea r wea po ns  fro m th e  se ab ed ,” he  sa ys . “ I go t ra th e r unre al  
ex ec ut ive br an ch  co m m en t, ju s t as  we’re  get ting  no w.  B u t I knew  ve ry  we ll th a t 
a st ri p  of mi ssi les  al ong  th e  A tla nti c rid ge  and  ‘cre ep y craw le rs ’—t an k-l ik e 
un der w at er  mi ssi le ca rr ie rs — were on  th e  dr aw ing board  a t th e  Pen ta go n.

“ I see  th e  sa m e pr oc es s now.  I th in k  th a t give n a  few  ye ar s,  we’ll get  so me 
so rt  of  tr e a ty  he re , to o .”

Of all  fields of sc ien ce , D ea n M alon e ha s sa id , no ne  ha s pr od uc ed  mor e w or ld  
co op er at io n th an  m et eo ro lo gy . “ W ha t a tr ag ic  re ver sa l it wou ld  be  if we s ta rt e d  
us ing ou r kn ow led ge  to  beat on e ano th er ov er  th e head .”
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[From the New York Times, July  3, 1972]

S c ie n t is t s  a r e  C rit ic a l  of R a in m a k in g  in  W ar

(B y Jo hn No ble W ilf ord)
Afte r ye ar s of ra in m ak in g ex pe rim en ta tion , sc ie nti st s ar e st il l no t su re  th ey  

unders ta nd  th e sh ort -t erm  eff ects of clou d- seed ing,  m uc h less  th e po ss ible long 
te rm  im pac t on  th e ec olo gy  of a reg ion  or  th e  en ti re  wo rld .

Th is  uncert a in ty  ha s led to  incr ea sing  co nc ern am on g sc ie nt is ts  ov er  th e use 
of w ea th er  mod ifi ca tio n as  an  in st ru m ent of w ar fa re .

Dr. M att hew  Mesels on , professo r of  biolog y a t H arv ard  U niv er si ty , w as  
quo te d in th e Ju ne 16 iss ue  of th e mag az ine Sc ien ce  as  sa yi ng :

“ I t  is ob viou s th a t w ea th er  mod ifi ca tio n us ed  as  a wea po n of w ar  ha s th e  
po te n ti a l fo r ca us ing la rg e- scale and quite po ss ib ly  unco nt ro llab le  and unpre 
di ct ab le  de st ru ct io n. Furt her m ore , su ch  des tr uc tion m ig ht  wel l ha ve  a fa r gre at er  
im pact on  civ ili an s th an  on  co m bat an ts . Thi s w ou ld  be espe ciall y tr ue in ar ea s 
whe re  su bs is tenc e agri cu lt ure  is pr ac tice d,  in fo od -d ef ic it ar ea s,  an d in ar ea s 
su bje ct  to  flo od ing.”

is su e  ra is ed  r e c e n t l y

The  iss ue  ha s als o be en  ra ised  in re ce nt  m onth s by  th e  N at io nal  Aca de my of 
Sciences, on  t he  f loor o f t h e  U nited  S ta te s Sen at e and  a t th e  in te rn ati onal en vir on
m enta l m ee ting  a t S to ck ho lm  la st  m on th .

Rec og nizing  th e m an y pote nti al  prob lems, th e  nat io nal  ac ad em y issued  a 
st a te m en t la st  y ea r ur gi ng  t he  Nixon  A dm in is tr at io n to  s po ns or  a  U nit ed  N at io ns 
re so lu tion  “ de di ca ting  al l w ea th er  mod ifi ca tio n ef fo rts  to  pe ac eful  pu rp os es  an d 
es ta bl ishi ng , pr ef er ab ly  w ithin  th e fram ew or k of  in te rn ati onal nong over nm en ta l 
sc ient ifi c or ga ni za tion s,  an  ad vi so ry  m ec ha ni sm  fo r co ns id er at io n of w ea th er - 
mod ifi ca tio n pr ob le m s of po te n ti a l in te rn ati onal co nce rn .”

Sen at or  C la ib or ne  Pe ll, Dem oc ra t of  R hod e Is la nd, and 13 o th er Sen at or s 
re ce nt ly  filed  a  r es ol ut io n ca lli ng  on  th e U nit ed  S ta te s to  jo in  in a tr e a ty  o utlaw in g 
“an y use of any  envir onm en ta l or ge op hy sica l m od if ic at io n ac ti v it y  as  a wea po n 
of war , or  th e  ca rr y in g o u t of an y re se ar ch  or ex per im en ta tion w ith  re sp ec t 
th e re to .”

B ut , du ring  t he S to ck ho lm  confe ren ce , th e  U n it ed  S ta te s de lega tio n wa s in s tr u 
m en ta l in  in se rt in g a w ea ke ni ng  cla use in a re co m m en da tion ca lli ng  fo r all  go v
er nm en ts  t o  “ ca re fu lly  e valu ate  th e lik el ihoo d and  m ag nitude of cl im ac tic  ef fe ct s”  
from  wreath er m od if icat io n an d to  di ss em in at e th e ir  fin din gs,

U .s . SPO N SORS ST U DY

The  w ea ke ni ng  clau se  in cl ud ed  th e words , “ to  th e  max im um  exte n t fe as ib le .”  
Offi cials la te r acknow dedged  th a t poss ibl e m il it a ry  use of w ea th er  mod ifi ca tio n 
wa s th e  ba sis fo r th e  am en dm en t.

How ev er , th e  D epart m en t of Defen se ’s A dv an ce d Res ea rc h Pro je ct s Ag enc y is 
sp on so rin g re se ar ch  to  de te rm in e how m uc h and  w hat ki nd  of ti nker in g w ith  th e 
at m os ph er e is re qui re d to  d is tu rb  th e cl im at e on  a glo ba l scale— an  in di ca tion  
th a t th e Pen ta go n is n o t s ur e of th e ecolo gica l i m pac t of w ea th er  w ar fa re .

The  De fen se  D epart m ent ac kn ow ledg es  th a t it  co nd uc te d “ pre ci pit at io n aug
m en ta tion  p ro je cts ” in th e  Phi lip pi ne s in 1969 , in In dia  in 1967, ov er  Okina wa 
and th e Mid  is land s in 1971 an d in Tex as  la st  su m m er —all  a t th e re ques t of th e 
go ve rn m en ts  invo lv ed .

Th e re su lts  we re mix ed — success  in th e  Phi lipp in es  an d Te xa s, b u t n o t els e
wh ere. O th er  te st s ov er  th e  ye ar s ha ve  fa ile d to  in cr ea se  ra in fa ll,  or  else fa ile d to  
co nv ince  m et eo ro lo gi st s th a t th e  ra in s wou ld  n o t ha ve  fa lle n w ithou t hum an  
in te rv en tion .

B u t te st s in Flo rida , in  1968 and 1970, led civi lia n sc ie nt is ts  to  co nc lude  th a t 
clo ud s seed ed  w ith  si lv er  iodide  cr yst al s ra in ed  m or e th an  th re e tim es  as  m uc h as 
un se ed ed  clouds . The  e xp er im en t,  co nd uc te d by  th e  N at io nal  Ocean ic an d A tm os 
ph er ic  A dm in is tr at io n, pro du ce d “ex plos ive”  gro w th  of ra in  clouds .

CONTROV ERSY  R E M A IN S

While co nc ed ing th a t “ th e re ’s st ill  quit e a b it  of  co nt ro ve rs y ov er  w het her  y our 
seed ing ca us ed  ra in  or n o t, ” Fer gu so n H al l of  th e  ag en cy ’s Office of E nv ir on
m en ta l M od ifi ca tio n sa id  yes te rd ay  in a te le pho ne  in te rv ie w  from  his  Roc kv ill e,  
Md. , office: “ We seem  to  be  on  th e ve rge of hav in g co nv ince d ou rselve s ra in 
m ak in g will wo rk in cert a in  ca se s.”
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Hainmaking research primarily involves experiments in seeding clouds with 
silver iodide, dry ice, common salt and other chemicals that can act as condensa
tion nuclei. The Federal Government is spending about $20-million annually on 
weather-modification research.

There are two types of clouds, warm and cold, and thus two processes b y which 
seeding is bel ieved to trigger rainfall.

In 1946, the first American experiments in cloud seeding, by  Vincent J. Schaefer 
of the General Electric Research Laboratory in Schenectady, were aimed at 
supercooled clouds. From an airplane, Mr. Schaefer dropped three pounds of dry 
ice (frozen carbon dioxide) into clouds to create billions of glistening ice crystals.

M O IS TU RE TO  IC E

Dry ice— or silver iodide, which is more commonly used today— turns moisture 
in the clouds to ice crystals that grow larger and larger until they are heav y enough 
to fall as e ither rain or snow.

Silver iodide is ordinarily used as the seeding agent because its crystals are 
similar to those of ice and it is more effective in causing supercooled water drops 
to freeze.

In warm clouds, salt or silver iodide particles can cause moisture to coalesce 
into water droplets large enough to fall as rain. This would be the typ e of experi
ments that could be effective in tropical or semitropical areas, such as Southeast 
Asia.

The type of seeding agent that could cause a highly acidic rainfall, as reported 
in Southeast Asia, has not been disclosed. Civilian scientists are loathe to discuss 
the possibility, except to note that the method has a name— hygroscopic seeding.

Most cloud-seeding operations are conducted by airplane— the C-130 in 
Vietnam. But  small rockets can also be used to deliver the seeding agent .

[From th e New York Times, Ju ly 3, 1972]

R a in m a k in g  I s U se d  as  W ea pon  by  U .S .— C lo ud-S e e d in g  in  I n do c h in a  I s

S aid  T o B e A im ed  at  H in d e r in g  T ro op M o v e m e n t s  an d S u pp r e s s in g

A n t ia ir c r a f t  F ir e
(B y  S ey m o u r M . H ers h )

Washington, July 2.— The United States has been secretly seeding clouds 
over North Vietnam, Laos and South Vietnam to increase and control the rainfall 
for military purposes.

Government sources, both civilian and military, said during an extensive series 
of interviews that the Air Force cloud-seeding program has been aimed most 
recently at hindering movement of North Vietnamese troops and equipment and 
suppressing enemy antiaircraft missile fire.

The disclosure confirmed growing speculation in Congressional and scientific 
circles about the use of weather modification in Southeast Asia. Despite years of 
experiments with rainmaking in the United States and elsewhere, scientists are 
not sure they understand its long-term effect on the ecology of a region.

so m e o pp o s e d  pr ogram

The weather manipulation in Indochina, which was first tried in South Vietnam 
in 1963, is the first confirmed use of meteorological warfare. Although it is not 
prohibited by any international conventions on warfare, artificial rainmaking has 
been strenuously opposed b y some State Department officials.

It could not be determined whether the operations were being conducted in 
connection with the current North Vietnamese offensive or the renewed American 
bombing of the North.

e f f e c t iv e n e s s  d o u b ted

Beginning in 1967, some S tate Department officials protested that the United 
States, by deliberately altering the natural rainfall in parts of Indochina, was 
taking environmental risks of unknown proportions. But  many advocates of the 
operation have found little wrong with using weather modification as a military  
weapon.

“ What’s worse,” one official asked, “ dropping bombs or ra in?”

82-892—72- 2
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All of  th e  officials in te rv ie w ed  sa id  th a t th e  U nit ed  S ta te s did not ha ve  th e 
capabil it y  to  ca us e hea vy  floods duri ng th e  su m m er  in  th e  nort hern  part s of 
N ort h  V ie tn am , wh ere  se rio us  flo ods oc cu rred  la st  ye ar .

Offic ial ly,  th e  W hi te  Hou se  and  S ta te  D ep art m ent de cl in ed  co m m en t on  th e 
use of meteo ro logica l war fa re . “ T hi s is one of thos e th in gs  whe re  no  one is go ing 
to  sa y  a n y th in g ,”  on e off icia l sa id .

M os t officials in te rv iewed  ag re ed  th a t th e  seed ing had  ac co m pl ishe d one of its  
mai n ob je ct iv es —m ud dy in g ro ad s and  flooding  lines of co m m un ic at io n.  B ut th er e 
were al so  m an y m il it ar y and  G ov er nm en t offic ials wh o ex pr es se d doubt th a t th e  
pr oj ec t had  ca used  any dra m at ic  re su lts .

The  source s, w itho ut pr ov id in g de ta ils , als o sa id  th a t a  m et hod had  be en  
de ve lope d fo r tr ea ting  clo ud s w ith a  ch em ica l th a t even tu ally  pr od uc ed  an  ac idic  
ra in fa ll ca pa bl e of fo ul ing  th e oper at io n of N ort h  V iet na mese ra d a r e qu ip m en t used  
for  di re ct in g su rf ac e- to -a ir  mi ssi les .

In  addit io n  t o  h am pe ring  SA M missi les  a nd d el ay in g N ort h  V ie tnam es e in fi lt ra 
tio n,  th e  ra in m ak in g pr og ra m  had  th e  fol low ing  pu rp os es :

— Pro vi di ng  ra in  and  clou d co ve r fo r in fi lt ra tion  of South  Vie tnam es e co m
m an do  an d  int ell ige nce te am s in to  N ort h  Vie tnam .

— Se rv in g as  a “s po ile r” fo r N ort h  Viet na mese a tt acks an d  ra id s in  Sou th  
V ie tn am .

— A lte ring  or  ta ilor in g th e ra in  p a tt e rn s ov er  N ort h  V ie tn am  and  Laos to  aid 
U nited  S ta te s bo mbi ng  missi ons.

— D iv er ting  N ort h  Vie tnam es e men  and  m at er ia l from  m il it ary  op er at io ns  to  
keep m ud di ed  ro ad s an d lin es of co m m un ic at io n in op er at io n.

K EY ED  TO  MON SO ON

The  clou d- se ed ing op er at io ns  ne ce ss ar ily  were ke ye d to  th e tw o main mo nsoon 
seasons th a t af fect Laos and  Vie tnam . “ I t wa s ju s t tr y in g  to  add  on  to  so m et hi ng  
th a t yo u alr ea dy g ot ,”  one officer sa id .

M il it ary  sour ce s sa id  th a t on e m ai n goal wa s to  incr ea se  th e  dura ti on  of th e 
so uth w es t mon so on , wh ich  sp aw ns  high -r is ing cu m ul us  cl ou ds —thos e mos t 
su sc ep tib le  to  clou d- seed ing—ove r th e pa nh an dl e ar ea s of La os  an d N orth 
V ie tn am  fr om  M ay  to  ea rl y  O ct ob er . The  long er  ra in y  season  th us wo uld  give 
th e A ir F or ce  m ore o pport un it y  to  t ri gger  ra in stor m s.

“ We were tr y in g to  arr an ge th e  w ea th er  p a tt e rn  to  su it our co nv en ienc e, ” 
sa id  o ne  for m er  G ov er nm en t off icia l w ilt' ha d det ai le d know led ge  o f t he  ope ra tion .

Acc ording  to  in te rv iews,  th e  C entr al In te lli ge nc e Agenc y in it ia te d  th e use  of 
cl ou d- se ed in g ov er  Hu e, in th e nort hen  p a r to f  So ut h V ie tn am . “ W e fir st used  th a t 
stuf f in a b o u t Aug us t of 196 3,”  on e fo rm er  C .I. A . agen t sa id , “ whe n th e Di em  
regime was  h av in g a ll th a t tr ou ble  w ith th e B uddhis ts .”

“ T hey  wou ld  ju s t st and  ar ound duri ng dem onst ra tions wh en  th e pol ice  th re w  
te a r ga s a t th em , but we no tice d th a t whe n th e ra in s ca me th ey  w ould n’t s ta y  o n ,”  
th e fo rm er  a gent sa id .

“ The  ag en cy  go t an  Ai r Amer ica B ee ch cr af t an d had  it  rig ge d up  w ith  si lver  
io di de ,”  he  sa id . “ The re  wa s an o th e r de m onst ra tion  an d we se ed ed  th e ar ea . It  
ra in ed .”

A si m il ar  clou d- seed ing wa s ca rr ie d  o u t by  C .I. A . a ir cra ft  in  Sa igon  a t le as t 
on ce  duri ng  th e  su m m er  of 1964, th e  fo rm er  ag en t said.

E X P A N D E D  TO  T R A IL

The  in te lli ge nc e ag en cy  ex pan ded  it s clou d- seed ing ac ti v it ie s to  th e I I o  Ch i 
M in h su pply  tr a il  in La os  so m et im e in th e mid dl e ni ne te en -s ix ties , a nu m ber  of 
G over nm en t sources sa id . By  1967, th e  Air Fo rce had  be come  in vo lv ed  al th ou gh , 
as  one fo rm er  G ov er nm en t off icia l sa id , “ th e ag en cy  wa s ca lli ng  al l th e  sh o ts .’

“ I al w ay s as su m ed  th e ag en cy  had  a  m andate  from  th e  W hi te  H ou se  to do  it ,”  
he  ad de d.

A num ber  of fo rm er  CIA  and hi gh- ra nk in g Jo hn so n A dm in is tr at io n  offic ials 
de pi ct ed  th e  op er at io ns  alon g th e  tr a il  as  ex pe rim en ta l.

The  a r t had  no t yet ad va nc ed  to  th e  poin t where it  wa s po ss ib le  to  pr ed ic t 
th e  re su lt s of a  seed ing ope ra tion  w ith any  de gree  of conf idence , on e Gov er nm en t 
off icia l sa id . “ We us ed  to  go out fly ing ar ound  an d look in g fo r a ce rt ai n  cloud  
fo rm ati on ,”  th e  offic ial sa id . “ An d we mad e a lo t of m is ta ke s.  On ce we du m pe d 
seve n inch es  of ra in  in tw o ho ur s on  on e of our  Sp ec ial  Fo rces  cam ps. ”

D es pi te  th e  professed sk ep tici sm  on  th e  p a rt  of some m em be rs  of th e  Jo hn so n 
A dm in is tr at io n,  m il it ar y men  ap p a re n tl y  to ok  th e  w ea th er  m od if icat io n pro 
gr am  m uc h mor e se rio us ly .
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Acc or ding  to  a doc um en t co nta in ed  in  th e Pen ta gon pap er s,  th e  Defen se  
D ep art m en t’s se cr et  h is to ry  of th e  war , w ea th er  m od if icat io n wa s on e of seve n 
ba sic  op tion s fo r st ep pin g up  th e w ar  th a t we re pre se nte d on  re ques t by  th e  
Jo in t Ch iefs  of Staf f to  tin* W hi te  Hou se  in la te  F eb ru ar y , 1967.

The  do cu m en t de sc ribe d th e w ea th er  pro gr am  ov er  La os—offic ial ly  kn ow n as 
O pe ra tion  Pop- E ye —as  an  a tt e m p t “ to  redu ce  tr af fi ca bil it y  al on g in fi lt ra tion 
ro u te s. ”

I t  sa id  th a t Pre si de nt ia l au th ori zati on  was “ re qu ir ed  to  im ple m en t op er at io na l 
ph as e of w ea th er  m od ifi ca tio n proc es s pr ev io us ly  su cc es sful ly  t est ed  a nd e val uate d 
in sa m e a re a .”  Th e br ie f su m m ary  co nc lu de d by  s ta ti ng  th a t “ risk  of co mprom ise  
is m in im al. ”

A si m ilar  op tion  wa s ci te d in an o th er 1967 wor king  docu m en t pu bl ishe d in  
th e Pen ta gon pa pe rs . N either a tt ra c te d  any  im m ed ia te  pu bl ic  a tt en ti o n .

The  La os  clo ud -see ding  oper at io ns di d pr ov ok e,  ho wev er , a le ng th y  an d b it te r,  
al bei t se cr et , di sp ut e in side  th e  Jo hnso n A dm in is tr at io n in 1967 . A te am  of S ta te  
D epart m en t at to rn eys and off icia ls p ro te st ed  th a t th e use o f clou d- se ed in g wa s a 
da ng er ou s pr ec ed en t fo r th e  U nited  S ta te s.

“ I fe lt  th a t th e  m il it ar y  and  ag en cy  h a d n ’t an alyz ed  it  to  det er m in e if it  was in  
ou r in te re s t, ” one off icia l wh o wa s in vo lv ed  in th e dis pute  sa id . H e als o was 
co nc er ne d ov er  th e rigid se cr ec y of th e  pro je ct , he sa id , “a lt hough it  m ig ht  ha ve  
be en  all  ri gh t to  ke ep  it  se cr et  if yo u did  it  once and d id n’t w ant th e  pre ce den t 
to  be co me kn ow n.”

The  ge ne ra l fee ling wa s su m m ar iz ed  by  on e fo rm er  S ta te  D epart m en t offi cia l 
who sa id  he  wa s co nc er ne d th a t th e  r ai nm ak in g “m ig ht  v io la te  w hat  we co ns idered  
th e ge ne ra l ru le  of th um b fo r an  ill eg al  wea po n of war —so m et hi ng  th a t wo uld  
ca us e unusu al  su ffe rin g or d is pro port io nat e dam ag e. ” The re  was  als o co nc ern 
he ad de d,  be ca us e of th e  unkn ow n ec olog ical ris ks .

A Nix on  A dm in is tr at io n off icial sa id  th a t he  be lie ve d th e  fi rs t us e of  w ea th er  
mod if ic at io n ov er  N orth  V ie tn am  took  pl ac e in la te  1968 or  ear ly  1969 wh en  ra in  
was in cr ea se d in  an  a tt e m p t to  ham per  th e  abil it y  of an ti a ir c ra ft  miss ile s to  hi t 
Amer ican  je ts  in  th e pan han dle  region  near th e  Lao tian  bo rd er .

Ove r th e  ne xt  tw o ye ar s,  th is  o ffic ial ad ded , “i t seem ed  to  g et  m or e im port an t— 
th e  re port s we re coming mor e fr equen tl y .”

It  co uld no t be  lea rn ed  how m an y sp ec ific mi ssions were ca rr ie d o u t in any  y ea r.  
On e wel l-i nfor med  s ou rce sa id  t h a t N av y sc ie nt is ts  we re re sp on sibl e fo r de ve loping  
a new ki nd  of ch em ical agen t ef fecti ve  in th e warm s tr a tu s  clou ds  th a t of te n 
sh ie lded  m any  ke y an ti a ir cra ft  si te s in  no rt hern  part s of N ort h  V ie tn am .

The  ch em ic al , he  sa id , “pr od uc ed  a  ra in  th a t ha d an  ac idic  quali ty  to  it  an d it  
wo uld fo ul  up  mec ha nica l eq uip m ent— lik e ra dar s,  tr ucks an d ta n k s .”

“ Thi s w asn ’t or ig inal ly  in  our  p la nnin g ,”  th e offic ial ad de d,  “ it  wa s a  ref ine 
m en t. ”

A ppar en tly , m an y Ai r Fo rc e clo ud -see di ng  missions we re co nduct ed  ov er  
N ort h  V ie tn am  an d La os  s im pl y to  co nfus e or “a tt e n u a te ”—a w ord us ed  by  m an y 
m il it ar y  m en — th e ra dar equip m en t th a t co nt ro ls  an ti a ir cra ft  mi ssi les . Th e 
plan es  us ed  fo r su ch  ope ra tion s,  C -1 30’s, m ust  fly a t re la tive ly  slo w spee ds  an d 
a t a lt it udes no  gre at er  th an  22 ,000 fe et  to  di sp erse  th e  ra in m akin g  ch em icals  
ef fe ct iv ely.

A num ber of officials co nf irmed  th a t clou d- se ed ing had  be en  w id el y us ed  in 
Sou th  V ie tn am , part ic u la rl y  in th e  no rt h  alon g th e Laos bo rd er . “ We tr ie d  to  use 
it  in co nn ec tion  w ith  a ir  and  gro un d opera ti ons, ”  a m il it ary  off ice r ex pl aine d.

One G ov er nm en t officia l ex pl ai ne d mor e ex pl ic itl y th a t “ if yo u were ex pe ct ing 
a ra id  from  th e ir  sid e, you  wou ld  tr y  to  co nt ro l th e w ea th er  to  m ak e it  more 
di ff ic ul t.”  T his  officia l est im ate d  th a t mor e th an  ha lf of th e  ac tu a l clou d- seed ing 
oper at io ns  in  1969 an d 1970 to ok  plac e in Sou th  Viet na m.

M uc h of th e  ba sic  re se ar ch  wa s pro vid ed  by  N av y sc ie nt is ts , and  th e  seed ing 
op er at io ns were flown by  th e  Ai r W ea th er  Se rv ice of th e  Air Fo rc e.

By  1967, or  po ss ib ly  ea rl ie r,  th e  Ai r For ce  f lig hts were or ig in at in g f ro m  a sp ec ia l 
op er at io ns  gr ou p a t Udo rn  a ir  ba se  in T hai la nd. No  more th an  fo u r C -1 30’s, 
and us ua lly on ly  tw o,  we re as sign ed  in  th e high ly  re st ri ct ed  se ct io n of  th e  ba se . 
E ac h pl an e was  ca pa bl e of carr y in g o u t mor e th an  one miss ion on  on e fli gh t.

On e fo rm er  h ig h- ra nk in g off icia l s ai d in an  in te rv ie w  t h a t by  th e  e nd  o f 1971 th e 
pr og ra m , which  ha d been  gi ve n a t le as t th re e  d iff eren t cod e na m es  si nc e th e  m iddle 
ni ne te en -s ix ties , wa s unde r th e d ir ec t co nt ro l of th e  W hi te  Hou se .

In te rv ie w s det er m in ed  th a t m an y usu al ly  wel l-i nformed  m em be rs  of th e  
Ni xo n A dm in is tr at io n  had  be en  kep t in th e  dar k.

In  t he  la s t ye ar , th er e ha ve  b ee n re pea te d  i nq ui ries  a nd p ub licl y po se d qu es tion s 
by  m em be rs  of Co ng res s abou t th e  w ea th er  mod ifi ca tio n pro gra m s in  South ea st
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Asia, bu t no accurate information has been provided to them  b y the  Depar tment  
of Defense.

“ This  kind  of thing  was a bomb, and  Henry rest ricted information abo ut it to 
those who had  to know,” said one well-placed Governm ent official, referr ing to 
Henry  A. Kissinger, the President ’s adviser on nationa l security.

Nonetheless the official said, “ I u nderstood it to be a spoiling action—that  this 
was desc riptive of what  was going on north  of the  DMZ with  the  roads and the 
SAM sites. ”

Another source said that  most of the wea ther  modifica tion activities eventua lly 
were conducted with the aid and support of the  South Vietnamese. “ I think  we 
were tryin g to teach  the South  Vietnamese how to fly the  cloud-seeding missions,”  
the  source said.

It  was impossible to learn where the  staffing and research for the secret  w eather 
operation  were carried out.  Sources a t the Air Force Cambridge  Rese arch  Labora
tories at  Hanscomb Field in Bedford , Mass., and at  the Air Wea ther  Service 
headquarte rs, while acknowledging th at they had heard of the  secret opera tion, 
said the y had  no information abo ut its resea rch center.

One Gov ernm ent source did say th at a group was “ now evaluat ing  the  program 
to see how much additional rain  was caused .” He would no t elab ora te.

[From the New York Times, Jul y 9, 1972]
P e n t a g o n : W e a t h e r  a s  a W ea po n  o f  W ar

Washington.—Dr. Gordon J. F. MacDonald, a prominent geophysicist who 
had  just completed  a tou r as vice pr esiden t of th e Defense De pa rtm en t’s Ins tit ute 
of Defense Analysis, published in 1968 a littl e-noted  but chilling stu dy  on the  
mili tary  pote ntial of meteorological w arfare. He listed a num ber  of options  ava il
able to those who would choose to  tam pe r with  n atu re.  Among them:

Altering the  world’s tem perature by rock eting material s into  the  e ar th ’s u pper 
atmosph ere to eith er absorb ligh t (thereby cooling the  surface  below) or absorb 
outgo ing heat (the reby heat ing the  surface below). This technique  could be 
target ed a t a specific area.

Triggering tidal waves by set ting off a  series of u nderground  explosions  along 
the  edge of the  Continental  Shelf, or by producing a na tural ear thq uak e. A guided 
tida l wave could be ach ieved by correctly shap ing the energy-release  sources.

Changing the  physica l makeup of th e atmosphere by creat ing, with  a  rocket or 
similar weapon, a “hole” in the i mp ortan t ozone layer between  10 an d 30 miles up  
th at  is respons ible for absorbing much of t he  ult ra-v iole t l ight cast from the  sun. 
Without the  pro tect ive layer  of ozone, a molecular form of oxygen, the radiation 
would be fat al to all human , plant and  anim al life that  could not  tak e shel ter in 
the  affected area below.

Dr. MacDonald (who is now a member  of the White House Council on Environ
mental  Quality ) made  it clear th at  his es say was based  only on specu lation. Last 
week, however, it became known t ha t at lea st part of his macabre weathe r arsenal 
had  been secretly  in  use by the  Uni ted Sta tes  since the  1960’s.

Air Force planes, supp orted by the  Centra l Intelligence Agency, have been 
waging a sys tem atic  war of rain  on the  infil trat ion trai ls of Laos, Cam bodia, 
North Vietnam and South  Vietnam. The int en t: suppress enemy antimissile  fire, 
provide  cover for South Vietnamese comm ando teams pen etra ting  th e No rth  and 
liinder the  m ovem ent of men and  m aterie l from North Vietnam into the  South .

The first experimental rain-making mission was flown by the  C.I.A. in South 
Vietnam in 1963, bu t it was not  unti l 1965 th at  a group of Air Force scien tists 
officially was ordered to sta rt thinking  of ways to turn  n atu re into  a milita ry tool.

“We al l sa t down in a  big brain-s torming session,” sa id one of the scientis ts who 
par ticipated at  the  Air Force Cambridge Research Laborator ies at  Hanscomb 
Field near Bedford , Mass. “The idea was to  increase the rain  and  reduce the 
trafficability in all of Southeast Asia.”

Within  a yea r, the Air Force an d C.I .A. began a highly secret r ain-m aking project 
over the  Ho Chi Minh Trail  in Laos, known as “Operation  P op-Eye .” There were 
heated protests  from the Sta te Depar tme nt, and even tually a direct ive from the 
Secre tary of Defense Rob ert S. McNamara ordering  a halt  to  the project. Ins tead, 
well qualified sources said l ast week, “ it wen t undergro und—into  the da rk .”

From 1969 thro ugh  at least early  this  year , weather warfare was a covert  
opera tion being direc ted by the  Joint  Chiefs of Staff with  White House 
acquiescence.
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Th e fa ct  th a t th e  pro gr am  ex is te d a t all  ca me to  ligh t on ly  la st  week in T he 
Ne w Yo rk Times . B ut,  de sp ite an  ex tens ive in ve st ig at io n,  if co uld not be le ar ned  
how suc cessful th e pr og ra m  had  been,  how m an y mi ssi ons were co ndu ct ed  or  
w he th er  it was st il l be ing us ed  in co nn ec tio n w ith  th e hea vy bo mbi ng  of N ort h  
V ie tn am  th a t fol low ed th e  en em y off ens ive  la st  Ap ril .

M ak in g ra in  ha s long  be en  tech ni ca lly  feas ibl e. Sci en tist s ha ve  le ar ne d th a t 
ra in  fal l ca n be  incr ea se d by  as  m uc h as 40 per  ce nt  a ft e r se ed in g clo ud s by  a ir 
cra ft  w ith  sil ve r- iodide  par ti cl es . O th er  ch em icals , in cl ud in g dry  ice, als o hav e 
be en  us ed  w ith  suc cess,  bo th  in  th e U ni te d S ta te s and  in  South ea st  Asia .

M il itar y and G ov er nm en t sp ec ia lis ts  ac kn ow ledg e th a t th ere  is li tt le  pr ec ise  
sc ient ifi c kn ow led ge  of th e  sh ort -r an ge im pa ct  of clou d se ed ing an d pra ct ic al ly  
no ne  of th e long -ran ge  e co logi ca l eff ect of ch an gi ng  t he  a m ount of natu ra l ra in fa ll . 
So me  sc ie nt is ts  ha ve  pu bl is he d d a ta  su gg es tin g th a t w ea th er  mod ifi ca tio n,  in  
co m bin at io n w ith  o th er ec olog ical st re sses  su ch  as  ai r po llution and pe st ic id es , 
m ay  ha ve  a  sy ne rg is tic  ef fect— th a t is, re su lt in  co lle ct ive ch an ge s fa r g re ate r 
th a n  ei th er  ab us e wou ld hav e ca us ed  by  its elf .

In  In do ch in a,  wh ere  he av y bo m bi ng  al re ad y ha s ro bbed  m uc h of th e la ndsc ap e 
of  its  na tu ra l w at er -h ol di ng  ca pabil it y  by  des tr oyi ng fo lia ge  and tre es , ar ti fici al ly  
in du ce d ra in s may  re su lt in fa r g re at er  flo oding  th an  ex pe ct ed , al on g w ith  he av ie r 
soi l ero sio n.

Tec hn ical ly , th er e ar e no  in te rn ati onal ag re em en ts  ou tlaw in g su ch  w ar fa re . 
But  G ov er nm en t off icia ls m ad e cl ea r la st  we ek th a t th e w ea th er -m ak in g ac ti v it y  
of th e  Air Fo rce was sh ie ld ed  f ro m  pu bl ic  vie w be ca us e of W hi te  Hou se  s en si ti v ity  
to  w hat  co uld be  re gar de d as  th e  im pr opr ie ty  of th e ac tion. The  issue,  on e we ll- 
in fo rm ed  offic ial sa id , wa s on e in  wh ich  H en ry  A. Kiss inge r, th e P re si den t’s 
na tional -s ec uri ty  a dv iser , to ok a pe rson al  ha nd . ‘ Thi s ki nd  o f th in g was a b om b ,” 
th e officia l sa id , “a nd  H en ry  re st ri ct ed  in fo rm at io n abou t it  to  thos e wh o had  
to  kn ow .”

Senator Pell. I hope tha t these hearings, today and tomorrow, will 
generate the action necessary to further this objective. We are pleased, 
therefore, to have before us this morning Mr. Herman Pollack who 
will present the Department of State’s position.

I welcome Herman Pollack as an old friend and colleague in the 
days when I used to be in the Depar tment , but  I would also express a 
certain disappointment tha t the Secretary or the Under Secretary did 
not see fit to come and discuss the subject themselves. This is no 
personal reflection on Mr. Pollack, but I think it might have been 
more helpful to the committee if a witness of Mr. Alexis Johnson’s 
level of responsibility had come forward.

I welcome Mr. Pollack as an old friend. I am glad he is here.
Would you like to proceed, Mr. Pollack?

STATEMENT OF HERMAN POLLACK, DIRECTOR, BUREAU OF INT ER
NATIONAL SCIENT IFIC  AND TECHNOLOGICAL AF FAIRS,  DEPA RT
MENT OF STATE; ACCOMPANIED BY CARL F. SALANS. DEPUTY
LEGAL ADVISER

Mr. Pollack, Thank  you, Mr. Chairman.
My presentation this morning will first recount the interest and 

actions of the Department of State in recent years regarding policy on 
weather modification, a topic central to the resolution which is the 
subjec t of this hearing. Against that background I will then comment 
on the broader scope of the resolution.

ST AT E DE PA RT M EN T AP PR OA CH  TO NE W  TE CH NO LO GIE S

The State Department follows closely the development of all new 
technologies which appear  to have the potent ial of impacting on the 
international  affairs of the United States.
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Quite frequently, when a new branch of technology is in its early 
developmental phase, it  is not possible to define with any precision its 
future impact, much less to he sure whether its impact  will be primari ly 
beneficial or primarily harmful. At early stages of development, the 
facts necessary to make such a judgment  are simply not at hand. 
Under the circumstances, the formulation of general policy is prema
ture and we establish a “watching brief.” When the development of 
the technology reaches an appropriate stage, the Secretary’s atten tion 
is drawn to it and the analysis and formulation of policy gets seriously 
underway.

The State  Department approach to weather modification has 
followed essentially tha t pattern. Parenthet ically, I might say that  
the art—if I may call it tha t—of climate, earthquake or ocean modifi
cation is not yet at a point where even a “watching brief.” as we use 
the term, is in order. These are areas of great paucity of scientific data  
and understanding.

D E V E L O P M E N T S  C A U SIN G  E ST A B L IS H M E N T  OF W A TC H IN G  B R IE F

Returning now to weather modification, as you know experiments 
on the modification of clouds through seeding with various agents 
started shortly after the end of the Second World War and by the 
early 1960’s it seemed likely that this technology, when further 
developed and when more answers were known, might some day 
produce vast benefits through enhancing rainfall and might also pose 
new tasks in in ternational relations. At about the same time, the first 
efforts to moderate  the intensi ty of hurricanes through seeding were 
initiated. It  was these developments, nearly 10 years ago, tha t 
caused the State Department to establish its watching brief on 
weather modification; and responsibility for maintaining this brief 
was assigned to the Bureau which I head.

D E V E L O PM E N T S IN  196 8 TO  1970 PER IO D

In the period 1968 to 1970 several developments occurred which 
made it clear that weather modification was progressing beyond the 
early experimental phase and was approaching the stage where at 
least a few types of human intervention in weather processes might 
well be approaching operational status. Among these developments I 
will mention three in particular :

'Phe studies of the Department of Interio r showed that proper 
seeding of winter clouds might enhance the snow-pack in the Colorado 
River Valley by perhaps 20 or 30 percent. Such an achievement would 
enhance the fresh water available in the whole river valley during the 
spring and summer months.

The experiments of Dr. Joanne Simpson and her associates at the 
NOAA (Nationa l Oceanic ami Atmospheric Administration) labora
tory in Miami produced manifold increases in the rainfall from 
isolated tropical cumulus clouds.

The experiments known as “Project Stormfury” aimed at modera
tion of violent hurricanes appear to have produced their first sub
stantially positive results in a series of experiments on Hurricane  
Debbie of 1969.
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R E PL A C E M E N T  OF  W A TCH IN G  B R IE F  BY  M O RE A C TIV E ST UDY

This combination of events provided us with some of the informa
tion needed for the development of policy to control or facilitate the 
impact of this new technology. I have at hand the memorandum 
which I sent to Secretary Rogers on November 16, 1970. informing 
him that the time had come for the watching brief on weather modifi
cation to be replaced by a more active study  of the implications for 
our foreign policy. It reported tha t:

. . . U.S . sc ie nt is ts  wh o hav e he re to fo re  be en  ver y ca utious  an d gu ar ded  in 
th e ir  as se ss m en t of pr og re ss  in  th is  field  ar e now sh ow in g visib le  sig ns  of ex ci te 
m en t a t re ce nt  ev en ts . Thi s is es pe cial ly  so w ith  re ga rd  to  th e high ly  successfu l 
se ed in g of cu mul us  clou ds  in  tr op ic al  ar ea s fo r th e  pu rp os e of incr ea sing  ra in fa ll . 
E quall y  a so ur ce  of exci te m en t is th e m ounti ng ev id en ce  th a t th e  force of h u r
rica ne s an d ty ph oo ns  ca n be  lessen ed  by  se ed in g te ch ni qu es .

Cloud s an d st or m s ar e un co ns ciou s of so ver ei gn ty . In te rn a ti ona l law  on w ea th er  
mod if ic at io n is pra ct ic al ly  non ex is te nt . The  pr ob le m s th a t op er at io na l w ea th er  
m od if ic at io n te ch no lo gy  wil l pose to  th is  D epart m en t and  th e fo re ign offic es of 
th e  wor ld  ar e th er ef or e se lf -e vi de nt .

Ste ps  ar e un de rw ay  to  se t up  in tr a -D ep art m en t and in te ra gen cy  co m m it te es  
to  d ev elop  p lans  a nd po lic ies  f or  th e  in te rn ati onal re ce ption  of t hi s new tech no lo gy .

Shortly thereafter, in a statement  to the House Committee on 
Science and Astronaut ics, Secretary Rogers made particular mention 
of weather modification as a potential boon in assisting the economic 
problems of the developing nations. He also pointed to the need to 
consider internat ional arrangements to deal with the applications 
of this new phenomenon. I was pleased to note, Mr. Chairman, tha t 
you (pioted this section of Secretary Rogers’ statement in your speech 
on the Senate floor last March 17.

C O N C LU SIO N S OF IN T E R A G E N C Y  ST UDY

The interagency study to which 1 referred in my memorandum to 
the Secretary got underway in the spring of 1971. The study which 
was completed earlier this year came to certain conclusions regarding 
civilian aspects of weather modification.

The objective of our programs is to advance civilian weather 
modification research and development efforts and to apply this 
technology for human benefit. To this end, we will further inte r
nationa l cooperation and understanding in this rapidly developing 
field and conduct our programs with maximum openness and within 
the framework of clear safeguards designed to protect  the interests of 
the United States and of other countries. With regard to assisting 
other  countries, we will consider each request on the basis of its own 
merits. We will not , in any case, encourage activities involving a high 
risk of damage or where the effects cannot be foreseen with reasonable 
assurance.

Although the science of weather modification is still experimental 
and at an early stage in its development, the U.S. Government will 
mainta in continuing review of the internationa l aspects of weather 
modification generally.

The Department of State, with appropriate interagency support,  is 
inst ituting and overseeing implementation of appropriate guidelines 
for U.S. activities, will review any requests from other countries for 
assistance in weather modification activity, and will report  on policy 
issues as the need develops.
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As was ind ica ted  in Mr. Ab shire ’s le tter  of May 15, 1972, to  S enato r 
Fu lb rig ht , the  stud y came to no conc lusions wi th res pect to in te r
na tio na l agreem ents on mili ta ry  aspects of we athe r modification.

CLIMATE MODIFICATION

W ith  res pect to climate modification,  we sha ll conti nue research in 
th is are a in the  hope  t ha t there  m ay  be a po ten tia l for human  bene fit. 
However , no clim ate  modifi cat ion  exper iment  will be conducted  unt il 
we can  pre dic t i ts to tal  im pa ct  w ith  g reat  assuranc e and, of course , no 
such ac tiv ity  would be conduc ted  with ou t tho rou gh consult ations 
among  inte res ted  agencies a nd  ap pro val a t t he h igh est  leve ls of Go ve rn
me nt.  I migh t observe th at  i t goes  w ith ou t sa ying th a t the  ad min ist ra
tion would no t use tec hn iqu es for clim ate  modif ica tion  for hostile 
purposes even should they  come to be developed.

NOT ADOPTING SENATE RESOLUTION 281 RECOMMENDED

In  summ ary , with res pect to Senate Resolution 281 and  simply 
stat ed , we believe th at  th ere  is at  prese nt too mu ch un ce rtaint y ab ou t 
essent ial fac ts and  th at  the  fac tual basis  itse lf is insu ffic ient  to make 
possible any fundam ental  decisions on wh eth er a tr ea ty  dea ling  with 
mili tary  asp ects is feasib le an d des irab le. Fo r example, how could we 
ver ify  susp ected vio lations  o r m on ito r compliance by  o th er  si gna tori es 
of an in ternat iona l agree me nt pro hib itin g the  use of we athe r modif i
ca tio n, mu ch less clim ate , ea rth qu ak e,  or ocean modif ica tion  abou t 
which we know nex t to no thi ng? Fu rth ermore, how  could we dis 
tinguish  between we ath er modificat ion  resear ch and dev elopm ent  
which is directed  tow ard  mili tary  appli cat ion  and th at which is to be 
used  for pur ely  civi lian  purposes, since  the  tec hn iqu es involved may 
be the  same?

Relev an t ques tion s such as the se will have  to be ans wered , through 
fu rth er  stud y and  research,  befo re it  is possible to form ula te a solid 
bas is for decisions on i ssues su ch as a re ra ised b y Se na te Resolution 281.

I t  is the refore  ou r conc lusion th at  ac tions s uch  as those recom men ded  
in S enate  Resolution 2S1 are prem atu re.  Accordingly, the Dep ar tm en t 
of S ta te  recom mends  t ha t thi s reso lut ion  n ot  be ad opted .

Mr.  Ch air man , th at  con cludes  my  sta temen t. I will be pleased to 
respon d to questio ns.

I am accompan ied  by  M r. Salans, of th e Office of Legal Adviser.
Se na tor P ell. Th an k you  very much for a very clear statem en t of 

unc lea r in ten tio ns .
I apprec iat e the  pos ition in which  you  are. In  going  through  yo ur  

st at em en t, I made a cou ple of no tes  as we were moving along .

REASON FOR NOT MENTIONING U.S. OPERATIONS IN SOUTHEAST ASIA

You  said :
In the per iod  1968 to 1970 s evera l dev elopments occ urred which made it cle ar 

th at  w eathe r modif ication was pr oce eding b eyo nd the e ar ly e xp er im en tal p hase an d 
was approaching  th e stage where at  least a few type s of huma n in te rv en tio n in 
we ath er processes might well b e a pp roachin g opera tional s ta tu s.

I believe  a t th at  tim e the  Dep ar tm en t of Def ense was  con ducting  
we athe r modification ac tiv ities  in  S ou theast Asia.
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Are you free to say why these operations were not  mentioned in 
your statement?

Mr. Pollack. Mr. Senator , in his lette r to Senator Cranston  and 
Congressman Gude of March 18, Secretary Laird indicated there were 
some aspects of the work of the Departmen t of Defense which had a 
definite rela tionship to nationa l security and possible uses of weather 
modification which were classified accordingly.

Therefore, 1 regret  that  I am unable to discuss the question which 
you have raised.

TERMS OF REFERENCE OF INTERAGENCY STUDY

Senator Pell. You mentioned an interagency study, which I believe 
you chaired. Could you give us the terms of reference of tha t study? 
Could you describe it to us?

Mr. Pollack. 1 am afraid tha t the terms of reference of the study 
or its content would have to be considered as internal executive 
branch documents. I don’t believe I can make those available.

Senator Pell. I realize tha t, but could you outline them to us for 
the committee? You are dealing with the subject  of the broad range 
of weather modification. Without going into the question of executive 
privilege or classification, could you give us an idea of the broad 
outline of tha t study?

Mr. Pollack. I think the nature of the conclusions that I describe 
beginning on page 5 do indicate the subject ma tter  that  was covered 
within the study.

Senator Pell. But you would not be free in an open session to give 
us any more of the actual terms of reference tha t were given to you 
for conducting tha t study?

Mr. Pollack. I do no t believe so.

POTENTIAL SERIOUSNESS OF PROBLEM

Senator Pell. In view of your capacity  as chairman or as Director 
of the Bureau of Internatio nal Scientific and Technological Affairs 
of the Departmen t, do you believe th at this type of warfare is a poten
tially serious problem?

Air. P ollack. I believe th at the s tatement that I read with respect 
to weather modification would clearly indicate that  my answer is in 
the affirmative.

DIFFERENCE BETWEEN CLIMATE AND WEATHER MODIFICATION

Senator Pell. Incidentally, in connection with tha t statem ent, I 
was most struck by your phrase:

I mig ht obse rve th a t it goes wi tho ut sayin g th at th e ad m in is trat io n would no t 
use tec hniqu es for clim ate  mo dif ica tion  for hos tile  purpo ses  eve n if th ey  sho uld  
come to  be develop ed.

What , in your view, is the difference between climate modification 
and weather modification?

Mr. Pollack. I think  the basic distinction that  I would make and 
tha t most others make is that climate modification is generally thought 
of as long-term, not  in terms of years or decades but possibly centuries.
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The extent of climate modification is generally conceived of to be 
widespread, not involving a limited area but areas occupied by one, 
two, three, or numerous nations.

Weather modification is transi tory, temporary , and limited in its 
geographic impact.

W OULD A D M IN IS T R A T IO N  E SC H E W  W E A T H E R  M O D IF IC A TIO N  T E C H N IQ U E S?

Senator  Pell. Tn other words, the phrase you are using here is 
carefully chosen. It would not apply to weather modification, 't ou 
are saying specifically climate modification?

Mr. Pollack. This phrase relates to climate modification as I 
have described i t ; yes.

Senator P ell. You would not be willing to make the sta tement that 
the administration  would eschew techniques for weather modification 
for hostile purposes?

Mr. Pollack. No; this statement, sir, is directed toward climate 
modification.

(Committee staff note: An excerpt from the testimony of Dr. Pierre 
St. Amand during hearings entitled,  Weather Modification, Hearings 
before the Committee on Commerce, United States  Senate, 89th 
Congress, 1st and 2nd Sessions on S. 23 and S. 2916, bills relating to 
weather modification, Part  1, ” follows:)
Sta te men ts  of  Com dr . P aul T.  J or ge ns on  and D r. P ie r r e  St . Amand , 

G eo ph ys ics G ro up , N ava l O rd na nc e T est  Sta ti on , C hina  L ak e, Ca lif .

Dr . St . A m \ nd . Th e N av al  O rd na nc e Tes t S ta tion  began work in w ea th er  mod i
fic ati on  in 1961 ta ki ng a dvanta ge of  th e fa ct th a t we ha ve  an  al m ost  un iq ue  po si
tio n in th e  co un tr y to  do  de ve lo pm en t work in th e  pr od uct io n of  nu cle i for  clo ud  
seed ing. The  or ig inal wo rk de pen ded  on an  in ve nt io n by a pair  of ch em ists  who 
worke d th er e—a Dr . B urk har t and  Dr. F in ne ga n—in wh ich  th ey  de ve lope d a 
m et ho d fo r pr od uc in g a re ac tion  from  si lver  iod ide or  lead  iodide  sm ok e.  As tim e 
ha s go ne  by  th e  p ro gr am  ha s ex pa nd ed . The  n um ber  o f th in gs  we now prod uc e for  
w ea th er  mod ifi ca tio n ha s gre at ly  incr ea se d an d th e scop e of ou r in te re st  ha s 
incr ea sed.

P ri m ar ily  t he w ork  is a im ed  a t givi ng  th e U .S . N av y an d th e  o th er ar m ed  forces,  
if th ey  sh ou ld  ca re  to  use it,  th e  capab il it y  of mod ifyi ng  th e en vi ro nm en t,  to  th ei r 
ow n advan ta ge,  or  to th e d is ad van ta ge of  an  en em y.  We re ga rd  th e w ea th er  as a 
wea po n.  A ny th in g one  can use  to  ge t his wa y is a we ap on  and  th e w ea th er  is as 
good  a on e as  an y.

C O M PO SIT IO N  O F IN T E R A G E N C Y  CO M M IT TEE

Senator  Pell. Going back to the interagency committee which you 
chair, would you be free to discuss the composition of the committee, 
the membership of it?

Mr. Pollack. To the best of my recollection, the  membership con
sists of those agencies who are, of course, members of the National 
Security Council. I would have to check back. I am sure the Dep art
ment of Commerce was represented, which is not ordinarily a member 
of the N ational Security Council. I would have to check whether there 
were any other agencies. This would mean State,  Defense, and all the 
other agencies that, are members of the NSC ordinarily, plus the De
partm ent of Commerce.
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R E P O R T  PR O D U CED  BY  W IT N E S S ’S C O M M IT TEE

Senator P ell.
Mr. P ollack.
Senator P ell.
Mr. Pollack. 

the term “final/
Senator P ell.
Mr. Pollack.
Senator P ell. 

report?
Mr. Pollack.
Senator P ell.
Mr. Pollack.
Senator Pell. 

the record?
Mr. Pollack.
Senator Pell.
Mr. P ollack.
Senator Pell.

You say your committee did produce a final report?
I beg your pardon?
Did your committee produce a final report?
We produced a report. I am hesitating on the use of 

' because the subject is under continuing review.
The date was May 1972?
That may be right. I t was completed earlier this year. 
Would you be free to tell us the classification of th at

I frankly don’t recall.
But it is classified? You are sure of that?
I assume it was, sir.
If it was not classified, could we have it included in 

It  was classified.
Maybe the a ttorney could recall if it was top secret.
I simply don’t recall the classification.
I wonder if vou can submit the classification for the

record.
Mr. Pollack. I should think so.
Senator P ell. Would that be proper?
Mr. P ollack. We will examine whether we can.
Senator Pell. You can’t make a commitm ent that you will let us

know the classification of the report?
Mr. Pollack. I think we can.
(The information referred to follows:)

Classif ication of I nteragency Study R eport 
(S up pl ie d by D ep ar tm en t of S ta te )

The classification of th e report was confidential.
Senator Pell. I than k you very much.
Did your report take  into account the curren t belief tha t the U nited  

States  is engaging or has engaged in weather  modification in Southeast 
Asia?

Mr. P ollack. Senator Pell, I regret I will have to return to the earlier 
statem ent, that  this was an internal executive branch document, and I 
am not at liberty to reveal its contents.

study’s consideration of military uses of weather 
modification doubted

Senator Pell. Not having had, as you know, a briefing on this 
subject, though I believe this information should be in the public 
domain, I consider myself a little freer in tha t regard. 1 have reason 
to believe tha t you did not consider the milit ary uses of weather  
modification as reported.

I guess I am getting into very complicated points here, but bear 
with me for a moment. Presuming I am correct anti you tlitl not have 
access to its  current  military uses, would you be able to give me any 
reasons as to why you think you were no t given access to its military 
uses?
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Mr. Pollack. Senator, I am afraid I didn’t follow that.
Senator  Pell. It  is very complicated. I have reason to believe tha t 

your study did not get into the military uses of weather modification, 
that you were not given access to it. Would you be able to confirm 
that  statem ent in any way?

Mr. Pollack. Senator, the s tudy did get into military  uses.
Senator Pell. It  did?
Mr. Pollack. Yes.
Senator P ell. I am not only delighted, but interested .
Mr. Pollack. I should really say military aspects rath er than 

military uses. We did cover the military  as well as the civilian.
Senator Pell. The military and civilian aspects?
Mr. Pollack. The s tudy  came to no conclusions, as I stated  earlier, 

with respect to in ternat ional agreements on military aspects.

SA FE G U A R D S R E LA TIN G  TO  U .S . IN T E R E S T S

Senator Pell. In your statement, you say, “To this end we will 
further internationa l cooperation and understanding in this rapidly 
developing field and conduct our programs with maximum openness 
and within the framework of clear safeguards designed to protect the 
interes ts of the United  States  and of other countries.” What do you 
mean by the phrase, “within the framework of clear safeguards 
designed to protect the interest s of the United  States” ?

Mr. Pollack. Among the safeguards that would relate to the in
terests of the United State s would be the  l iability  provisions.

Senator Pell. The what?
Mr. Pollack. The liability, safety from liability  claims. We are 

here discussing conducting a program international ly. We have re
ceived a request from the Azores, just 10 days ago, and a program is 
curren tly underway at the request of the Portuguese Government to 
try to augment the rain in a drought-ridden area of the Azores.

Protecting the interests  of the United States in tha t case would be, 
No. 1, to make sure that we are satisfied that there would be no risk 
to the environment or ecology of the area or to third parties; second, to 
be fairly confident th at we knew what the consequences of our seeding 
would be and that we were not engaging in a completely speculative 
activity .

The third factor, and there may be others, would have been the 
one I mentioned earlier of protecting ourselves from any liability, 
requesting the Portuguese Government to take on tha t responsibility 
if they wished this service.

O V E R S E E IN G  IM PL E M E N T A T IO N  OF  A P P R O P R IA T E  G U ID E L IN E S

Senator Pell. Then you say that  the Department of State,  with 
appropriate interagency support,  is institut ing and overseeing imple
menta tion of appropriate guidelines for U.S. activities, to review any 
requests.

Does this mean overseeing implementation of appropriate guide
lines for U.S. activities both of a civilian and military nature or only 
of a civilian nature?

Mr. P ollack. The paragraph you read is a further discussion of the 
civilian aspects of weather modification.



Senator P ell. You would not be inst ituting or overseeing implemen
tation of appropriate guidelines of all activities?

Mr. Pollack. I think  the question of whether tha t would go 
beyond civilian re turns to the earlier position I took with respect to 
the national security aspects  of military  ac tivities, and I simply canno t 
go into that .

Senator P ell. I realize we are dancing around on the head of a pin, 
but we have all this secondary evidence or information that  leads one 
to believe mil itary activities  are being engaged in. I don’t think there 
is a person in this room who doesn’t.

I would hope eventually that  this fact could be brought into the 
open, but this is a decision of the  executive branch.

PA R A L L E L  OF D R A FT SE A B E D S T R EA TY

Return ing to more general questions in connection with my pro
posed treaty, I would draw a parallel between it and a draft trea ty 
in the form of a resolution introduced some years ago that would 
have prohibited nuclear and other weapons of mass destruction on the 
seabed and ocean floor, 70 percent of the ear th’s surface.

I can remember the immediate response of the executive branch, 
then under President Johnson’s guidance, was very much the same 
as now, rather unenthusiast ic or nonresponsive with regard to these 
possible weapons systems.

At tha t point, these weapons systems were only on the drawing 
boards, the ABM’s for the mid-Atlantic  seabed floor, and were not 
in use in any way.

But the men in the Pentagon, and presumably in the Kremlin, 
wanted to have their  options kept open and wanted no par t of an 
agreement which would eschew the use of these weapons. After 5 
years, I had the satisfaction of seeing an agreement concluded pro
hibiting such weapons on the seabed floor.

Fortunately, these drawings have remained drawings. The problem 
now is tha t we are talking  about weapons systems th at are, in my view, 
in being, no t ju st on the drawing boards. Tha t is why I hope tha t the 
5-year lag it took to bring forth an agreement with regard to weapons 
on the seabed floor would be shorter in this case.

STA TE D E PA R T M E N T  P O SIT IO N  ON  A G R E E M E N T  P R O H IB IT IN G  
E N V IR O N M E N T A L  W A R FA R E

In connection with tha t, what are the considerations in favor of an 
internat ional agreement prohibiting the use of environmental warfare? 
Do you have a general view in the Department with regard to a 
general prohibition on using environmental warfare as a means of 
warfare?

Mr. Pollack. Could you be a little clearer as to what you mean by 
environmental warfare?

Senator Pell. What are the considerations in favor of an inte rna
tional agreement prohibiting the use of environmental warfare?

I am not  saying you approve of it,  but what is your own position as 
director of the scientific branch? What  are the elements in favor of 
such an agreement along the lines t ha t we Senators have proposed?
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Mr. Pollack. Sir, if you are talking about environmental  warfare, 
I fear I need to know more precisely what we are talking about.

Senator P ell. We are talking about weather modification, geo
physical modification. I am talking  about these uses of weather modi
fication techniques.

Mr. Pollack. The general position that we have tried to reflect 
in this statem ent is th at we simply at this point do not have enough 
data  on hand to know what a prudent posture for the United States 
to take would be with respect to international arrangements, be they 
treaty  or others , with respect to the subject of your resolution.

C O N SU LTA TIO N  U N D E R  ST O CK H O LM  C O N FE R E N C E  R E C O M M EN D A TIO N  218

Senator P ell. Some of us were at the Stockholm Conference on 
International Environment. I think  it was one of the most significant 
conferences in which this Nation  has engaged for a long time.

At tha t conference there was a recommendation, No. 218, which 
had to do with whether  the eschewing of weather modifications should 
exist. It was pret ty well gutted by the United States inserting the 
phrase th at we would only consult with other nations when we engaged 
in weather modification techniques “to the maximum extent feasible.”

I was wondering if you would let us know under what circumstances 
would it not be feasible for the U.S. Government to report its weather 
modification activities. 1 add tha t the phrase “to the maximum extent 
feasible” was inserted at the request of the executive branch at that 
conference.

Mr. Pollack. May I say a word or two about  that?
Senator Pell. Certainly.
Mr. P ollack. There were two clauses in the proposed recommenda

tion. The recommendation was No. 218. The first clause recommended 
tha t governments “carefully evaluate the likelihood and magnitude of 
climatic effects and determine their findings before embarking on such 
activities.” The phrase, “to the maximum extent feasible” relates to 
tha t clause.

The second clause recommended that governments “consult fully 
other interested states when activities carrying a risk of such effects 
are being contemplated or implemented.” The phrase “wherever 
practicable” related to the second clause.

Senator Pell. In other words, the “feasible” relates only to the 
first clause—to carefully evaluate the likelihood and magni tude—but 
not to the second one—to consult fully?

Mr. Pollack. Yes; “ to the maximum extent feasible was inserted” 
at the recommendation of the United States. It was made in advance 
of the conference. It  was to amend the verb “disseminate.”

This is a rathe r common problem with respect to the obligation as 
to how far  you have to go in making documents and d ata  available to 
how many different nations, and so forth. I don’t know what the legal 
term would be, but  in my judgm ent it would be a clause of reason.

Senator  Pell. Am I correct in saying that the second phrase, 
“consult fully other interested state s when activities carrying a risk 
of such effects are being contempla ted or implemented” remains 
unqualified?

Mr. Pollack. Tha t remained unqualified.
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Senator P ell. Pressing the subject for a moment, if T may, if for 
the sake of argument one was engaged in weather modification activi 
ties in any part of the  globe, would that mean then tha t we have an 
obligation to “consult fully other interested state s when activities  
carrying risks of such eff ects are being contemplated or implemented’’?

Mr. Pollack. This recommendation was adopted by the conference 
in Stockholm. The  subject will come up before the General Assembly 
this fall. The legislative history tha t will accompany this has not yet  
been established. But  at the moment this is a recommendation to the 
governments. This is no t an obligation upon the governments.

Senator Pell. In other words, if this recommendation is imple
mented, it would then mean tha t if we were engaged in weather 
modification in any par t of the world, we would then, if we accepted 
the recommended obligation, be obligated to consult fully other 
interested states?

Mr. Pollack. T assume if it were an obligation and we accepted 
the obligation, your s tatem ent would be correct.

Q U E STIO N  OF CO N SU LTA TIO N  U N D E R  RECO M M E N D A T IO N  21 8

Senator Case. You have made a very good explanation of this. 
But why don’t you come clean and say, “Sure, we will consult, and 
this is a universal obligation” ?

You have made it  clear tha t to the extent feasible applies only to 
the dissemination part.  Why don’t you give the appearance as well as 
have the substance  of frankness with us? Have you any reason not to?

Mr. Pollack. It is simply, sir, tha t the meaning of this clause has 
not yet been established. It has not yet been acted on by the General 
Assembly.

Senator Case. What effect did we mean it to have?
Mr. P ollack. I t might be helpful if I were to read the position that 

the United States  carried into the Stockholm Conference with respect 
to that.

Senator Case. The point is tha t Mr. Pell is a Democrat. He is 
interested in making his own case. 1 am a Republican and I am inter
ested in having you make the best case for the administ ration. Y ill 
you come clean with it?

Mr. Pollack. Yes, I will. I have been trying to do that this 
morning.

Senator P ell. I will add tha t we are bo th Americans.
Senator Case. Of course we are, but  you know what we are doing.
Senator Pell. We want to see a trea ty like this passed. When we 

had a Democratic adminis tration, with all due respect to my Republi
can colleague, I went after the administration jus t as hard.

Mr. Pollack. The last time this question was examined was in 
connection with the preparat ion for the Stockholm Conference. I 
am reading now from the position paper  dated May 15, that  was 
prepared for the instruc tion of our delegation. It  said with respect 
to the amendments, tha t is both of the amendments, that if they 
fail, the delegates should not support the recommendation unless he 
makes a statement to the effect tha t “ the recommendation is unreal
istic because it fails to take into account tlie imperfect sta te of our 
knowledge as to the mechanism by which man’s activ ity might
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affect climate and thus in turn affect the ability of the government 
to do more than what is feasible and practical in meeting all of the 
terms of the recommendation.”

f do not believe tha t the U.S. Government has since reconsidered 
this question. Of course, it will have to do so as it prepares for the 
discussion of this item at the General Assembly meeting.

But this represents the last autho ritativ e position of the executive 
branch with respect to those two recommendations.

Senator P ell. At Stockholm, and Senator Case was there, too, I 
took exception to the insertion of this phrase because I thought  it 
basically gutted the recommendation. I didn’t realize you were only 
talking about paragraph  A. I thought you were talking about B.

But  I believe this gut ted tha t phrase. I was very much in a minority. 
I believe very strongly that  when you go outside the United States  
your delegation has to speak with one mouth.  You can’t speak with 
different mouths. I kept my mouth shut publicly. But in the delegation 
meeting I protested privately. Within the delegation I was concerned 
abou t the use of this phrase.

I wonder in this regard why the administ ration or the delegation 
proposed the second phrase, “consult fully other interested States  
whenever practicable.” Th at was defeated, as you know.

Mr. P ollack. I think, sir, the reason t ha t was incorporated in the  
position paper before the delegation is responsive to  that .

Had I been commenting on this personally, I would have found it 
very difficult to know at what point contemplation begins, for example. 
The terminology leaves something to be desired. When I agree to 
consult about what I begin to contemplate , I need to understand a 
little bit more about what the process of contemplation is.

If I am going to take an absolute obligation to consult, tha t is.

W E A K E N IN G  O F U .S . PO SIT IO N  AT STO CKHOLM  SU G G ESTED

Senator Pell. I think these little amendments  tha t were put in. 
some of which were accepted and some of which were not, combined 
with the concern about herbicides in the back of most people’s minds 
there, helped give our position at Stockholm a certain weakness. It  
did not give us the strongest position we really should have had be
cause we played such a huge role in trying to move ahead into the 
Stockholm Conference.

validity of press articles

You have probably read the articles in the press by Mr. De Silva 
of the Providence Journal, Seymor Hersh, New York Times, Mr. 
Wilford of the New York Times, and also in the Washington Post.

Have you any comment  on the validity of these articles?
Mr. Pollack. No, sir.
Senator Pell. You are not  in a position to comment?
Mr. Pollack. I have no comment on them.

importance of treaty

Senator Pell. I thank you very much for coming forward. I 
would hope as the months and years go by we really could move ahead
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and get a treaty  of this sort. As I said earlier, it is much more impo rtan t 
than the trea ty with regard to the seabed and ocean floor because the 
evidence would point to the fact we are talking about weapons systems 
in being and not on the drawing board.

I thank  you very much.
Senator Case?

Q U E ST IO N S FO R  T H E  RECORD

Senator Case. Mr. Chairman, I would like to ask Dr. Pollack to 
take some questions, which I will not ask now, and answer them for 
the record.

Mr. Pollack. I will be pleased to do that , sir.
Senator Pell. I would hope in unclassified form.
Mr. Pollack. Yes, sir.
Senator Case. Yes.
Senator Pell. I than k both of you for coming today.
Our next witness is Mr. Philip J. Farley, Deputy Director of the  

U.S. Arms Control and Disarmament Agency.

STATEMENT OF PH IL IP  J. FAELEY, DEPUTY DIEECTOE, U.S. AEMS 
CONTEOL AND DISAEMAMENT AGENCY

Mr. Farley. Tha nk you, Senator Pell.
Mr. Pollack has described for you our policy on certain inte r

nationa l aspects of weather modification, and identified other areas 
where study is still required. In support of his statement, I will 
address briefly the area of arms control.

In holding these hearings on Senate Resolution 281, you are seeking 
to focus attention on a potentia l preventive arms control measure. 
My agency is of course mindful, Mr. Chairman, of the similar role 
you played in connection with another arms control measure—the 
Treaty  on the Prohib ition of the Emplacement of Nuclear Weapons 
and Other Weapons of Mass Destruction  on the Seabed and the 
Ocean Floor and on the Subsoil Thereof. We agree tha t the pos
sibilities of arms control in this new field deserve the most careful 
study and consideration, along with other interna tional aspects of 
civilian environmental modification activities.

As Mr. Pollack has indicated, this administ ration  has already begun 
this process. My agency partic ipated  in the preliminary study  of the 
interna tional  aspects of weather modification activities, done by the 
NSC Under Secretary’s Group, and will participate in the continuing 
review. I want to assure this committee that , while this is a relatively 
new subject, we in  ACDA are very conscious of our responsibility to 
see tha t in this process relevant arms control aspects are fully 
considered.

However, given the need for fur ther understanding of these subjects, 
we are not  prepared to endorse a resolution to the effect that we should 
seek the agreement of other  governments  to a specific treaty, or to 
take positions on the substance of the matte r.

I noted, in the speech with which you introduced the resolution 
to the Senate, that one of your objectives was to generate discussion 
of the subject. In this spirit, I want to make one general observation.

82 -S 92 — 72------ 3
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Your draf t trea ty applies not only to experimentation or use of any 
environmental or geophysical modification activ ity “as a weapon of 
war,” but also to research. Does this take sufficient account of the 
nearly  identical nature of the techniques involved in civilian and 
military applications of these activities? It  may be impossible to 
distinguish between research and perhaps testing on such applications 
as cloud seeding, for milita ry or civilian purposes. How would it he 
possible to avoid the consequences of hampering research on what 
might be highly desirable civilian applications? If these problems 
were avoided by re stricting your proposal to a limitat ion on the use 
of such activities, this would leave the question, referred to by Mr. 
Pollack, of whether and how we could satisfy ourselves as to com
pliance with any such agreement.

Let me conclude, Mr. Chairman, by thanking you for bringing your 
proposal to public attention. We will examine carefully the testimony 
and discussion during these hearings to he sure we are taking into 
account all relevant information and points of view.

This  concludes my brief sta tement, Mr. Chairman.

R E SE A R C H  R E L A T E D  TO  C IV IL IA N  U SE S

Senator Pell. I thank  you for your statement. I think  your point 
about research, and not prohibi ting its use because of its relationship 
to civilian uses, is a pretty valid one. I think in the public domain it 
would p retty well take care of itself.

E F F O R T  IS  TO  REM OV E SEC RECY

What I am trying to do, and many of us in the Congress are trying 
to do, is to try to get the secrecy removed from this area. If we can 
remove the secret nature of these activities, I think  many of the 
pieces will then  fall in place.

Bu t it is the very secrecy of the operation tha t adds, I think, to its 
danger for the future.

An excellent series of examples was given by  Gordon McDonald in 
his book about 5 years ago. He mentioned the point tha t it is the 
secrecy of these activities that  perhaps enhance the military use. A 
nation might not even be aware of the fact th at these various activities 
were being engaged in as they suffered from the results.

PO SSIB L E  P R E F E R A B IL IT Y  OF T ER M  “ E SC H E W ”

I think your suggestion with regard to research is a good one. 
Another change tha t I intend  to make in the second draf t of this 
treaty, because the draft in Senate Resolution 281 is merely the 
first of half a dozen drafts  of the final agreement that I hope will 
finally be signed and come into effect, is to use the word “eschew” 
rather than  “prohibit” or “ prevent.”

I understand tha t has a b ette r legal sense. Would you comment in 
tha t specific regard, from the viewpoint of the ACDA, why i t is th at 
the word “eschew” is more preferable to “prohibit” or “prevent?”

Mr. Farley. Mr Chairman, this is a new idea to me. If you wish, 
I would be glad to have some thought given to this and give you an 
answer, but  I have not considered this question of the possible 
preferabil ity of the term “eschew.”
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Senator Pell. I would be grateful and I would hope also it would 
be in an unclassified form.

('l'lie information referred to follows:)
U se  o f  W o rd  “ E sc h e w ” in  L ie u  o f  “ P r o h ib it  and  P r e v e n t ”

(Sup plied by AC DA)

W ithout hav in g had  th e be ne fi t of he ar in g th e  ar gum en ts  of  th os e wh o hav e 
su gg es ted th e use of  th e  wo rd “ es ch ew ” in  lieu of “ pro hib it  and p re ven t, ”  I ca n 
off er on ly  th e fo llo wing in iti al  re ac tions :

1. The  word “ es ch ew ” su gg es ts  to  me av oi da nc e,  an d th us m ig ht no t am o u n t 
to  an  un qu al if ie d under ta kin g. On th e  o th er han d, if th e us e of  th a t word is in 
te nded  to  all ow  ac ti v it ie s su ch  as  re sc ue  of  do w ne d ai rm en  or  fog  di sp er sa l a t 
a ir port s,  it  wou ld  seem  to  me  to  be  an  unr el ia bl e way  of ac hi ev in g th is  obje ct iv e.

2. The  w ords  “ p ro h ib it  and p re v en t”  a ppear to  be de rive d from  th e undert ak in g  
in Arti cle  I of  th e  L im ited  T es t B an  T re aty , in which  th e par ti es undert ake  “ to  
pro hi bi t,  to  p re vent,  and not to  carr y  o u t”  nuc le ar  explo sio ns  of  spec ified  ty pes.  
The re  th e words  “ p ro hib it  an d p re v en t”  appear to  me  to  add to  th e under
ta k in g  of  th e  s ta te  n o t to  car ry  o u t th e pro sc ribe d ac tivit ie s a  re sp ons ib il ity  to  
ta ke appro pri a te  acti on  to  en su re  th a t it s em pl oy ee s,  ag en ts , or  o th er s under it s 
ju ri sd ic tion  or con tr o l do  no t carr y  o u t su ch  act iv it ie s.

O P E N N E S S  OE  R E SE A R C H

Mr. F arley. Could 1 just say, because my silence might be mis
interpreted, tha t in your previous remarks when you spoke of the 
importance of avoidance of secrecy, 1 was not dear whether you 
intended those to apply to research, which was what the discussion 
began with.

It is my understanding that the research in this field is open. I would 
not want the cont rary impression appear to be one tha t I agreed with.

Senator Pell. I understand there is classified research in this field 
being conducted under the Defense Department. The next witness 
will be able to shed light on that . I would be delighted if he indicated 
tha t this research was not classified.

other nations’ interest in subject of treaty

In connection with the general background, are you familiar with 
any other interest in or discussion of the subject of this trea ty from 
other nations.

Mr. Farley. I am not aware of any of a governmental nature . 
There have been some suggestions from nongovernmental bodies, but  
there has not  been active discussion, to my knowledge, of this mat ter, 
for example, in the United Nations or in the Geneva Conference or 
the Committee on Disarmament . Again, if I am ignorant of anything,
I will supplement that answer.

other proposals on subject

Senator Pell. Also, what proposals on this subject have been made 
by other nations or international groups or within our own Govern
ment? Maybe you could submit this for the record at a later date,  if 
there are any other proposals.

I am trying to get together in this hearing all of the information 
obtainable.
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Mr. Farley. The only one I  am aware of is by the body known as 
World Peace Through Law Center. You may be acquainted with tha t. 

O T H E R  N A T IO N S’ P O T E N T IA L  FO R W E A T H E R  M O D IF IC A TIO N  A C T IV IT IE S

Senator Pell. Do you believe th at other nations have the potential 
to engage in weather modification activities directed against our own 
Nation?

Mr. Farley. There are a number of other nations who are engaged 
in research on weather modification and who have a general technical 
capability in this field. Indeed, I believe one of your subsequent wit
nesses, perhaps not today, will say something about what is being 
done in this general field by other countries.

Tha t suggests, therefore, that one of the questions which we have 
to look at in considering the merits of an arms control approach is 
the possibility th at we may have more to gain by a general agreement 
which removes the threa t to us than we have to gain from uses of 
our own of these techniques for military purposes. That  is one of the 
questions we have under examination.

PA ST  REC O M M EN D A TIO N S TO  L IM IT  U .S . W E A T H E R  M O D IF IC A TIO N  
A C T IV IT IE S

Senator Pell. I think it was about 7 years ago, in 1965, a Special 
Commission on Weather Modification recommended to the National 
Science Foundation a Presidential statement of policy limiting 
American weather modification activities to peaceful purposes.

In 1966, a year later, a report entitled “Weather Modification and 
Control,” prepared for the Commerce Committee, had the statement 
to the general effect tha t such an agreement should be signed or should 
be moved ahead.

What was the response of the ACDA to comments such as these 
when they were made 6 or 7 years ago?

Mr. Farley. I do not know of any response by ACDA at tha t 
time. My awareness of an ACDA inte rest in this subject dates essenti
ally with the beginning of the interagency study which Mr. Pollack 
has made reference to in his statement and discussion with you.

Senator Pell. You were p art of th at interagency study?
Mr. Farley. Yes. I might add tha t tha t is one reason tha t I am 

here today in reply to your lette r to Mr. Smith, since in his absence 
I represented ACDA.

IN FO R M IN G  AC DA OF U .S . ARM ED  S E R V IC E S  W E A TH E R  M O D IF IC A TIO N  
A C T IV IT IE S

Senator P ell. I s your agency fully and currently informed regarding 
weather modification activities, no matter  what kind, of the U.S. 
armed services?

Mr. Farley. It is always difficult to answer flatly whether  one 
is fully informed.

Senator Pell. We weren’t informed in the Foreign Relations  
Committee that we were conducting a war in Laos until it had been 
going on for almost 2 years.

Mr. Farley. I cannot say unequivocally tha t I am.
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HAS  ACDA OP PO SE D W EA TH ER  MO DIFICA TION  ACTIV IT IE S IN IN DOC HI NA?

Senator Pell. I realize the restrictions under which you operate, 
but  has the ACDA opposed weather modification activities by mili
tary and civilian agencies in Indochina?

Mr. Farley. We have  not been involved in any discussion of th is 
issue.

Senator Pell. You have not been involved in any discussion of it?
Mr. Farley. No.
Senator Pell. Senator  Case?
Senator Case. I think, Mr. Chairman, you have raised those 

questions tha t I would like to have Mr. Farley  answer on the record. 
I have no questions. Thank you very much.

Senator Pell. Thank you very much, indeed, Mr. Farley.
Mr. Farley. Thank you.
Senator Pell. Our next witness is Benjamin Forman, Assistant 

General Counsel, International Affairs, Department of Defense.

STATEMENT OF BEN JAM IN FORMAN, ASSISTANT GENERAL COUN
SEL, INTERNATIONAL AFFAIRS, DEPARTMENT OF DEFENSE

Mr. F orman. Mr. Chairman, before presenting my prepared sta te
ment, I would like to acknowledge receipt of your letter  to Secretary 
Laird, which we received on this past Monday, July  24, requesting 
that  Dr. St. Amand accompany me as backup witness.

In checking to ascertain whether this request  could be met, it was 
found th at Dr. St. Amand was out of the country and could not return 
in time to be with me at this hearing.

Senator Pell. I regre t that.  Does tha t mean that the Department 
of Defense will be perfectly willing to have him come up as a witness 
at another time when he is in this country?

Mr. Forman. As a Departmen t of Defense witness?
Senator Pell. Yes.
Mr. Forman. I don’t know the answer to tha t. Offhand I don’t see 

any objection.
Senator Pell. He is out of the country, not in Philadelphia?
Mr. F orman. No, he is out of the country. In fact, he is in the 

Azores at the moment engaged in the cloud seeding to which Mr. 
Pollack referred.

Senator Pell. Thank you very much.
Mr. Forman. Mr. Chairman, and members of the subcommittee: 

Along with such other Government agencies as the Depar tment  of 
Agriculture, Commerce, Interior, Housing and Urban Development, 
Transportation, the National Aeronautics and Space Administration, 
and the National Science Foundation, the Department of Defense 
conducts research and development programs pertaining to the general 
subject  mat ter of this hearing  under the aegis of the Interdepartmental 
Committee for Atmospheric Sciences (ICAS) of the Federal Council 
for Science and Technology.

In relative dollar terms, the research and development effort of the 
Department of Defense in this area is approximately  .05 percent 
of the Department’s total  research and development budget. Com
paring our relative level of effort in dollars with tha t of the other 
Government agencies involved, the Department of Defense ranks
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fourth. The major portion of the national weather modification re
search and development programs is conducted by the Depar tments 
of Commerce and Interior, together with the National Science 
Foundation.

The Depa rtment of Defense has no unique weather modification 
techniques. Its  research and development projects relating  to en
vironmenta l and geophysical modification activities are conducted on 
an unclassified basis. The results of the research and development are 
available to the public through the National Technical Information 
Service of the Department of Commerce.

M AJO R D E F E N S E  IN T E R E S T S

Research by the Department of Defense in this area is conducted 
because of two major defense interests. The first of these is the pro
tection of personnel and resources against weather hazards and thus 
the improvement of our operational capabilities. Research programs 
to meet this objective include investigations of techniques to dissipate 
warm fog and cold fog and the seeding of cumulus clouds to inhibit or 
enhance their growth. The President’s budget for fiscal year 1973 
proposes $1,429,000 for this area of research by DOD. The second 
major interest is guarding against technological surprise by increasing 
our understanding of the capabilities any potentia l enemy might 
possess in this area. To this end the President ’s budget for fiscal year 
1973 proposes $3,090,000 for exploratory development by DOD, de
signed to develop a capability  to predict climatic change due to 
natural phenomena or ina dvertent or deliberate human actions. This 
research depends heavily on compute r simulation; it is a thre at ex
ploration program to determine whether there is a threat , where it is, 
and of what it might consist.

CON DUCT OF  DOD  R E SE A R C H  AN D D E V E L O PM E N T

Department of Defense research and development is conducted 
both in the laboratory (DOD, academic, and industrial) and in the 
field. As indicated in the report of the Inter-departm ental Committee 
for Atmospheric Sciences, the field efforts arc usually joint  efforts 
with other  government agencies. One of the best known of these efforts 
has been the one conducted with the Departmen t of Commerce 
(NOAA), known as Project Stormfury, which has investigated the 
possibilities of ameliorating the severity of damage caused by hurri
canes and typhoons.

W E A T H E R  M O D IF IC A T IO N  O PER A TIO N S

The Department of Defense also conducts some weather modifi
cation operations. We have not, as Secretary Laird has previously 
stated to the parent committee of this subcommittee, ever engaged in 
weather modification activities over North Vietnam. The Depart
ment of Defense has conducted cold fog modification at air bases in 
Alaska, the United States  and Germany, where there is significant 
occurrence of the cold fog phenomena. It  has partic ipated  in rain 
enhancement projects in Texas, India,  the Philippines, and Okinawa. 
As announced to the press on July 21 by the Department of State , the
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Department of Defense is currently undertaking a rain  enhancement 
project in the Azores at the request of the  Government of Portugal , 
which was made through diplomatic channels, in an effort to relieve 
severe drought conditions. Reports thus far received indicate favor
able hut not yet definitive results. As Mr. Pollack has indicated to the 
committee, all such requests for assistance are subject to thorough 
interdepartm ental review in Washington. This review includes an 
evaluation of the probable effects.

IN A D EQ U A CY  OF K N O W L ED G E  C O N C E R N IN G  A T M O SPH E R IC  S C IE N C E S

Notwithstanding the fact tha t studies in this area have been 
conducted now for some 25 years by the Federal, academic, and 
industria l communities, there remains a great deal tha t the Depar t
ment of Defense does not know abou t the atmospheric sciences. As 
indicated in the June  1971 ICAS report on weather modification, 
there are a number of technical problems on which further research 
and development is required. According to Depa rtment of Defense 
researchers, our knowledge of other areas of environmental and 
geophysical modification is even more inadequate .

H O LD IN G  A C TIO N  ON  S.  R E S . 281  IN  A B E Y A N C E  RECO M M EN D ED

In light of our present state of knowledge, the Departmen t of 
Defense believes that it does not yet  have sufficient knowledge to 
make an informed judgment as to whether a trea ty along the lines of 
Senate Resolution 28i would be in the national interest. Similarly, 
this Departmen t is not able intelligently  to draf t such a treaty  if a 
trea ty were, in fact, in the national interest.  And, finally, the Depar t
ment does not  possess a t this time the requisite scientific knowledge 
and techniques to be able to verify compliance with such a treaty.

In the circumstances, the Department of Defense is not in a position 
to comment on the substance of Senate Resolution 2S1. It accordingly 
recommends that committee action on the resolution at this time be 
held in abeyance.

Senator Pell. Thank you very much indeed.

BA SIS  OF DO D IN T E R E S T  IN  W E A T H E R  M O D IF IC A TIO N

I have several questions tha t I would like to ask you. What  is the 
reason for the Departm ent of Defense’s interest in weather modifica
tion, the basis for it?

Mr. Forman. As I indicated in my prepared statement, our basic 
reason in the  field of weather modification is to protec t our personnel 
and resources against weather hazards and thus  improve our opera
tional capabilities. I mentioned in this regard, for example, the 
problem of cold fog dissipation which has an obvious impact on the 
ability of our planes to take off and land from air fields where the 
cold fog phenomena exists. Similarly, of course, you have the problem 
of thundersto rms, hail, lightning, and how they  might affect opera
tions while you are flying.

Senator Pell. You say protection of personnel against weather 
hazards and improved operational capabilities  are perhaps prime 
defense interests. Why would you wan t to seed cumulus clouds to 
enhance their growth? The two would go against each other.
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Mr. F orman. I don’t think they necessarily do. Le t’s take, for 
example, the question of the Azores. Why is the Depa rtment of 
Defense engaged in the operation in the Azores rather  than  the 
Department of Commerce, for example, which I suppose could equally 
do the job? We have, as I am fully aware this committee knowrs, bases 
in the Azores. We have personnel there and they are, of course, 
affected by the drought condition. It is, therefore, in our interest to be 
able to alleviate that  condition, a par t from the general interest in good 
relations with Portugal and the benefits to the people who live in 
the Azores.

(The following information was subsequent ly supplied:)
Technical Considerations Which Lead DOD To Conduct R esearch On 

E nhancing Growth of Cumulus Clouds 
(Supplied  By De partm ent of Defense)

There are also several technical cons iderat ions which lead DOD to conduct 
research on enhanc ing the growth of cumulu s clouds.

1. Knowledge of enhancement technology complements and  fur thers the  
att ain me nt of inhibi tion technology.

2. Enhan cem ent  of cloud growth  is a possible technique for hail and  lightning 
suppression .

3. Caus ing rainfa ll in unpopu lated areas some distance from our  bases and 
installa tions may reduce the  poss ibili ty of damaging storms afte rwards in the  
vic inity of those  facilities.

4. To build a technology base for the  capabil ity to verify the  use of weather 
modification by an enemy.

BEG IN NIN G OF DOD W EA TH ER MOD IFICAT IO N RE SE AR CH

Senator P ell. When did the Defense Department begin its research 
in the whole area of weather modification?

Mr. F orman. I don’t know the exact date. Dr. Fos ter’s l etter to 
you earlier  this year indicated it was some years ago.

PA ST  AND  PR ESE NT DOD W EA TH ER MO DIFICA TION  RE SE AR CH  
PR OJE CTS

Senator Pell. I  wonder if you could describe now or subm it for the 
record in an unclassified form a running statem ent of past and present 
DOD research projects re lated to weather modification.

Mr. Forman. Yes; I could submit for the record—for example, I 
happen to have brought with me a technical report , No. 244, of the 
Air Weather Service of the U.S. Air Force, which is their four th annual 
survey report on the weather service modification program. It  is a 
public document.

Senator P ell. We would like to have it in our files, if you could. 
Maybe you could give a compilation of the different programs.

Mr. Forman. This discusses a number  of programs which were 
conducted during the fiscal year 1971. I t is the  most recent repor t to 
have been published. I t was published in April of this year . Would you 
like earlier reports?

Senator P ell. I would like the dates and a sentence description of 
each program for the record. Could you submit tha t for the record?

Mr. Forman. Yes.
Senator  P ell. Thank you very* much.
(The information referred to follows:)
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D e p a r t m e n t  o f  D e f e n s e  R esea r c h  P r o je cts  R ela ted  to  W e a t h e r  
M o d if ic a t io n

(Sup plied by  De pa rtm en t of Defense)

PART I

Exam ples of Depar tme nt of Defense R&D Projects in Weather  Modif ication : 
FY 71, 72, & 73.
Fiscal year 1971

Army: Con tinued a basic review of materia ls for seeding, developmen t of 
cumulus cloud models for wea ther  modification,  and  a joint project with the  Air 
Force for seeding cumulus clouds. Experim ents  continued for diss ipat ing warm 
clouds by heat sources and  helicopter backwash.  Continued efforts to develop 
operation al methods for clearing warm fog and  stratu s, and  to improve existing  
techniques for clearing  supercooled fog. Cont inued  investiga ting methods for 
prev enting high electrical fields in cumulus clouds (lightning suppression).

Navy: Carried on w ith the  deve lopm ent of pyrotechnic as well as o the r fog and 
cloud tre ating devices ; conducted  both  the oret ical  studies and  field experim ents to 
develop improved  tre atm en t techniques. With  the  Dep artm ent  of Agriculture, 
expanded ins trumenta tion of the  j oin tly  developed seashore tes t site for study  of 
advection  fog. Continued its par tic ipa tion with  ESS A (now NO A A) in Project 
Stormfury, with major att en tio n devo ted to systematic explo itation of condit ions 
under which trop ical  cyclones are susceptible  to modification.

Air Force:  With  the  Navy,  continued dif ferent approaches  to deve lopm ent of the 
automated airborne ins trum ents needed for making fine-scale measurements of 
cloud drop sizes, and producing these da ta in a computer-compatible ou tput  for
mat.  Activ ity focused on dissipation of fog and  low stra tus .
Fiscal year 1972

Army: Field  stud ies con cen trated on the  modificat ion of warm fog and  were 
conducted  jointl y with the Navy , Air Force , and  National Oceanic and  Atmos
pheric Adm inis trat ion (NOAA). Investigations  of atmospheric elect rical struc ture 
near cumulus clouds and rela ted  modification possibilities were cont inued. The 
Army con tinued its par ticipat ion  in the  Nation al Hail Resea rch Experim ent 
(a project in hail suppression).

Navy : Warm fog an d t ropical storms cont inued to be the  p rimary targe ts of the 
Navy’s weathe r modifica tion research effort. Emphasis cont inued on labo rato ry 
and field test s of nucleatin g ma terials,  and metho ds of d ispersa l. Computer  models 
of fog and  convec tive processes were  up dat ed and  improved th rough incorporation  
of la boratory and field experimental data.

Air Force : Resul ts of warm fog modification experiments con ducted in California 
during Jan . 71 were  evaluated with  a n eye toward a larger  tes t to be condu cted  in 
1972. The purpose was to eva lua te promising warm fog modification  techniques  
and consider new approaches tow ard  dispersing this  operation ally rest rict ive 
condit ion.
Fiscal year 197S

Army: Studies will continue to acquire a be tte r underst and ing of t he  physical 
processes in the atmosphere which cause the  formation,  growth, and  dissipation 
of clouds, fog, and rain, with emphasis on warm fogs. Deve lopment of numerical 
models descr ibing the  life cycle of na tur al rad iation fog and  describ ing various 
metho ds of modification of rad iat ion  and adve ctive  fog will be cont inued. Field 
studie s will concentrate on the dispersal of warm fog by helicopter downwash 
to obta in the  informat ion requ ired to  define the  limits of this  te chnique.  Develop
men t of a mobile propane dispenser for dissipation  of local supercoo led fogs will 
continue. Investigations  of atmosph eric  elect rical stru cture near cumulus clouds 
will be continued.

Navy : Warm fog and trop ical  s torm s continue to be the prim ary ta rgets  of the  
Navy’s weather modification research effort. Emphasis  will continue on lab ora tory 
and  field tes ts of nucleatin g materia ls, and  methods of dispersa l. Com puter 
models of fog and  convective processes will be u pdated and improved  th rou gh th e 
incorporat ion of labo rato ry and  field experimenta l data, and new empir ical and  
theoretical resul ts. Development efforts will continue on inst rum ents and meth ods 
for stud ying na tural cloud processes and  fo r e valuat ing  experiments.

Air Force: Full-scale field tes ts of the  airbo rne hygroscopic par ticle seeding 
techniques of warm fog dissipation will be conducted at an Air Force base  on an
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op er at io na l ba sis . A pi lo t st udy  us in g a gr ou nd -b as ed  hea te d- pl um e te ch niq ue to  
di ss ip at e warm fog will be  co nd uc te d a t V an de nb er g A FB , Ca lifornia.

N ot e.— So urce  do cu m en ts  fo r th e  in fo rm at io n give n ab ov e ar e:  In te rd e p a rt 
m enta l Com m it te e fo r A tm os ph er ic  Sc ien ces R epo rt  No . 14, Ja nuary , 1970; 
In te rd epart m en ta l C om m it te e fo r A tm os ph er ic  Sc ien ces R ep ort  No . 15, M ar ch , 
197 1; and In te rd ep art m en ta l C om m it te e fo r A tm os ph er ic  Scienc es R ep ort  No . 
16, M ay , 1972.

PA R T II

Ex am pl es  of D epart m en t of Defen se  R&D Fie ld  Tes ts  an d E val uat io ns in 
W ea th er  Mod ifi ca tio n.
Fiscal year 1968

Air Fo rce:
1. Pr oj ec t W A RM  F O G , co nd uc te d a t T ra vi s AF  Ba se , Ca lif .: pr oj ec t in it ia te d  

to  de te rm in e th e fe as ib il ity  of us ing je t en gine s fo r th e  qu ic k- re ac tion  di ss ip at io n 
of fog.

2. Pro je ct  COLD  FO G  I I I , co nd uc te d a t W iesb ad en  AB, G er m an y:  no  te st s 
we re m ad e unde r th e pro je ct sin ce no pe rs is te nt  su pe rc oo led fogs  occ ur red a t th e  
ba se . How ev er , COLD  FO G  I an d I I  had  pr ev io us ly  m ad e use of drv- ice  cake s 
su sp en de d in te th ere d  ba llo on s to  in it ia te  cr yst al liza tion  in th e su pe rcoo led  fog .

3. Pro je ct  COLD  W A ND , co nd uc te d a t Fai rc hi ld  AFB , W as hi ng ton:  pr oj ec t 
te st ed  use of liqu id  pro pan e as  a cooling ag en t in fog  m od if icat io n;  th e  te ch niq ue 
ha s be en  us ed  op er at io nal ly  a t Or ly A irp or t, Fra nc e sin ce  1964.

4. Pr oj ec t COLD  H O R N , co nd uc te d at G ra fe nw oh r AI , G er m an y:  pr oje ct  
te st ed  a fog-mod ifi ca tio n te ch ni qu e us ing ven te d liqu id  ca rb on  dio xid e (CO2) as  
th e  gl ac ia tin g ag en t.

5. Pr oj ec t COLD  FA N , co nd uc ted a t Kings ley Field,  Or egon : pr oj ec t te st ed  
us in g a ca rb on  dio xid e di sp en se r in both  st a ti onary  and  mo bi le co nf igurat ions  in 
di sp er sing  s up erco oled  fog .

6. Pro je ct  COLD  COW L,  co nd uc te d a t E lm en do rf  AFB , Al aska : te st ed  th e 
use of crus he d dr y ice dro pp ed  fro m an  ai rc ra ft  in di ss ip at in g su pe rcoo led  fog.

N ote.—S ee Air W ea th er  Se rvi ce  Tec hn ical  R ep ort  209 , dat ed  N ov em be r 1968, 
a tt ac hed , fo r fu rt her de ta ils.

N av y:  C on tinu ed  clou d ph ys ics st udi es ; prog ress  in en gine er ing w ea th er  m od i
fic ati on  e xp er im en ts  b y co m pute r m od el lin g;  p ar ti ci pat io n  in P R O JE C T  S T O R M - 
F U R Y  was lim ited  by  a deart h  of trop ic al  st or m  acti v it y .
Fiscal year 1969

Air Fo rce:
1. Pr oj ec ts  co nt in ue d from  F Y  68, viz  COLD COW L an d CO LD  W AND.
2. Pro je ct  COLD  C R Y S T A L  in Eur op e,  co nd uc te d a t H ah n,  B itburg  an d 

Spa ng da hl em  Air  Ba ses, wa s ver y sim ila r to  P ro je ct  COLD COW L in A lask a;  
ai rc ra ft  di sp en sed cr us he d d ry  ice to  di ss ip at e su pe rcoo led fog .

3. Pro je ct  COLD P L U M E  wa s co nd uc te d a t K ingl se y Field,  Or eg on : liqu id  
pro pan e was di sp en se d fr om  gr ou nd -b as ed  tr ai le rs  fo r di ss ip at io n of supe rcoo led 
fog .

4. Pro je ct  C O M BA T W A R M ; te st ed  di sp er sa l of ti ny  hy gros co pic pa rt ic le s 
from  a gr ou nd -b as ed  bl ow er  to  dis sipa te  w ar m  fog;  as  th e  pa rt ic le s fal l to  eart h , 
th ey  ab so rb  and rem ov e m ois tu re  from  th e  fog la yer . So dium  n it ra te  (N aN Os ) 
was  us ed  as th e seed ing m at er ia l.

N ote.— See Ai r W ea th er  Se rv ice  Tec hn ical  R ep o rt  213 , dat ed  Ju ne 1969, 
a tt ached , fo r fu rt her de ta il s.

N avy : C on tinu ed  clou d ph ys ic s st ud ie s a t th e  N av al  R es ea rc h L abora to ry : 
co ntinue d to  de ve lop co m pute r mod els which  de sc rib e th e  ba sic  ph ys ical  p ro 
ces ses  im port an t to  w eath er m od if icat io n re se ar ch  (e xp er im en ts  ca n th us be  co n
ducte d  on  a  so un d en gi ne er in g bas is );  had  hi gh ly  su cc es sful  part ic ip at io n  w ith 
NO AA  in P R O JE C T  S T O R M F U R Y .
Fiscal  year 1970

Air Fo rc e:  Pro je ct  C O LD  W A N D  co nt in ue d a t Fai rc hild  AFB , W as h. ; Pro je ct  
CO LD  CO W L co nt in ue d a t Elm en do rf  AFB , A la sk a;  and Pro je ct  COLD  C R Y S 
TA L co nt in ue d at  H ahn , B it burg  an d Spa ng da hl em  AB  in  G er m an y.  (See Ai r 
W ea th er  Se rvi ce  Tec hn ic al  R eport  236, date d  A ug us t 1970, a tt ached , fo r fu rt her 
de ta il s ).

N avy : Cl oud ph ys ic s in ves tigat io ns co nt in ue d a t th e  N av al  Res ea rc h L abora 
to ry ; co m pu te rize d in ves tigat io ns focused on  th e  use of hy gros co pic m at er ia ls , 
h ea t,  an d he lico pt er  m ix in g as  mea ns  of fog dis si pa tion; co nt in ue d ef fo rts  in
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theoretica l and labora tory  research, field tests  and evaluat ions , and  engineering 
develop men t of hardware  items. (See A Summary of the  U.S. Navy Program and 
FY 1970 Progress in Weather Modification and Control, dated  Decem ber 1970, 
att ached, for fur the r details.)
Fiscal year 1971

Air Force : A total of G projec ts were carried ou t: 4 to  diss ipate  supercooled fog, 
1 to dissipate  warm fog, an d one to  increase  precipi tation.

Project Location Mode Agent

Cold Wand....... .........................................
Cold Fla ke..... ...........................................
Cold Co wl..................................................
Cold Crys ta l............ .................................
Warm Fog.................................................
Cold Rain..... ................... .........................

Fai rch ild AFB_.
Hahn AB _____
Elmendorf AFB
Germany_____
McClellan AFB 
Texas.................

Ground based
____do ............
Airbo rne.........
____do.............
____do.............
___ do ............

Liq uid  propane.
Do.

Crushed dry  ice.
Do.

Hygroscopic solution.  
Si lve r iodide flares.

NOTES

A complete descrip tion of each of these pro jects can be found in A ir  Weather Service Technical Report 244, dated Ap ril 
197 2,copy attached.

Navy: Projects described fo r f iscal year 1970 above continued.
A complete descrip tion of t he Navy e ffort can be found in "A  Summary of the U.S. Navy Program and fiscal year 1971 

Progress in  Weather Modification and Control,  dated January 1972,copy attached.

Project Cold Rain: This U.S Air Force project was c onducted in June  1971 and 
formed a part of a  large Texas drought-rel ief program direc ted by the  Bureau  of 
Reclamation. Supercooled cumulus clouds were seeded with silver-iodide nucleat
ing material to increase rainfa ll (over what would have occurred natu rally) in as 
wide a geographic a rea as possible. Air Force WC-130 ai rcraft  were used as seeding 
plat form s for Project Cold Rain .

Note.—A very complete desc ription of Project Cold Rain is conta ined in the 
att ached copy of Air Weather Service Technical  Repor t 245, dated December 
1971.

Project Gromet II : Grom et II  was a rain enhancem ent project undertak en in 
the  Philippine Islands a t the  req ues t of the  Philippine Governm ent toward the 
end of a period of severe drou ght.  T he U.S. Air Force had op erat iona l respons ibility  
for Grom et II, and the U.S. Navy Naval Weapons Cen ter provided technical 
direc tion. Between 28 April an d 18 June 1969, 58 seeding missions were conducted. 
Each had as its prim ary objective  the production  of useful rain . The project was 
successful and  the Philipp ine Governm ent expressed official appreciatio n.

Note.—A very comprehensive  descrip tion of Pro ject  Grom et II is contained 
in the  attached copy of Naval Weapons Center Technical Publication 5097, 
dated May 1971, ent itled “ Gromet II, Rainfall Augmentation in the Philippine 
Islands .”

Lists of enclosures:
1. Air Weather Service Technical Rep ort 203 (USAF) dated May  19G8.
2. Air Weather Service Technical Repor t 209 (USAF) dated November  1968.
3. Air Weather Service Technical Repo rt 213 (USAF) dated Jun e 1969.
4. Air Weather Service Techn ical Report 236 (USAF) dated August 1970.
5. “A Summ ary of th e U.S. Navy Program and  FY 1970 Progress in Weather 

Modifica tion and  Con trol” (Na vy Weather Research Faci lity)  dated December 
1970.

6. Air Weather Service Techn ical Report 244 (USAF) dated  April 1972.
7. “A Summary of th e U.S. Navy Program and  FY  1971 Progress in Weather 

Modification and  Control” (Environmental  Pred iction Research Facility) dated 
Janu ary 1972.

8. Air Wea ther  Service Techn ical Report 245 (USAF) dated December 1971.
9. “ Grom et II, Rainfall Augmentation in the  Philippine Islands ,” Naval 

Weapons Cente r Technical Pub licat ion 5097, dat ed May  1971.
10. “Project Foggy Cloud II I,  Phase I, ” Nava l Weapons  Center Technical  

Publ ication 5297, dated April 1972.
11 Pro ject  Stormfury Annual Rep ort 1970, Dep t. of Na val /Dept . of Com

merce, dat ed May 1971.
(Enclosures referred to are in the Committee files.)
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C O O R D IN A TIO N  W IT H  STA TE D E PA R T M E N T

Do you coord ina te with the  St at e Dep ar tm en t in your we athe r 
modification activ ities , suc h as in the Azores? You  do th at  wi th the 
St ate Dep ar tm en t, I presume .

Mr.  F orman. In  fac t, as I  i nd ica ted , the  re qu es t of the  G ov ernm en t 
of Po rtu ga l was ma de  throu gh  dip lom atic  cha nne ls, and the  message  
back to  t he Portu guese Go vernme nt was a St at e Dep ar tm en t m essage. 

IM PO R TA N C E OF W E A T H E R  M O D IF IC A TIO N  AS  O F F E N S IV E  ST R A TEG Y

Senator  P ell. W ha t im portance is at tach ed  by  DO D to we athe r 
modification as an offensive str ate gy ?

Mr . F orman. I am  no t sure I un de rst an d the  na tu re  of yo ur  
quest ion , Sen ato r.

Senator  P ell. Let  m e rep hrase  i t more sim ply . Is  the re any im po r
tance,  and , if so, wha t degre e, at tach ed  by the Defense  Dep ar tm en t 
to weather modif ica tion  as a means  of offensive str ate gy ? In  othe r 
words, is i t of no  i mpo rta nc e at  a ll as a m at te r of offensive st ra tegy  or 
is i t sometim es conte mpla ted  as a means  of offensive str ate gy ?

Mr . F orman. Mr . Ch airma n, as you  know, and as your  rece nt  
colloquy wi th Mr . Pollack has re ite ra ted,  th e positi on of the D ep ar t
men t of Defe nse is th at it  will no t comm ent on opera tional uses in 
thi s area .

Senator  P el l. D o you mean will no t comm ent in open  session?
Mr . F orman. Yes. Th is is c lassified.

G EN ER A L  V O G T’s  R E FU SA L  TO  COM M ENT IN  E X E C U T IV E  SESSIO N

Senator  P el l. I wou ld like to add  at  thi s po int when General Vogt 
was he re in a c lassified session  of  t he comm itte e we a sked  him  w he ther  
we were engaging  in these ac tiv itie s in So uthe as t Asia and  his ans wer 
was he couldn’t comm ent in executive session . I th ink per hap s the  real  
answ er is th e executiv e bra nch won’t comm ent on i t in  executive session 
or in open  session.

I think  the record should  show w ith ou t a  viola tion of conf idence th a t 
he would no t comm ent in executive session either .

IN FO R M IN G  OF A RM ED  SE R V IC E S AND  A P P R O P R IA T IO N S  C O M M IT TEES

Mr. F orman. I th in k the  record  should  also show,  Mr.  Ch air ma n, 
and  indeed  it  does show since you pu t i t i nto  the  Congressiona l Recor d, 
the  Dep ar tm en t of Defense has info rme d the cha irmen of the two  
Arm ed Services Co mm ittees and  the  two Ap propria tio ns  Co mm itte es 
as to the  classified na tu re  of certa in asp ect s of our ac tiv itie s in th is 
area.

W H Y  aren’t F O R E IG N  R E L A T IO N S AND  F O R E IG N  A FFA IR S  COM M IT TEES 
IN FO R M ED ?

Sena tor  P el l. T hat  is true. I th ink the phras e you  used  in yo ur  
le tte r was, “ the  ap prop ria te  c om mi ttees ,” if my reco llec tion  is correct.  
Why aren ’t the  Foreign  Relat ion s Co mm itte e and the Foreign Affa irs 
Comm itte e ap prop ria te  com mittee s to info rm of such act ivi ties wh ich
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obviously cross frontiers? The chairman of the Foreign Relations 
Committee, to the best of my knowledge, has not  been informed. 
Or would you be willing to correct me on that? I wish you would.

Mr. F orman. No; I can’t correct you. The letter tha t Mr. Pollack 
referred to was of this past March from Mr. Laird to Mr. Cranston, 
who is a cosponsor of your resolution. It specifies tha t the chairmen 
of the four committees 1 mentioned were the ones who were fully 
informed.

Senator  Pell. I think the letter  I received referred to the appro
priate committees.

Mr. F orman. That was, I think, an earlier letter . This more recent 
lette r is dated March 18.

SH OULD FO R E IG N  R E L A T IO N S C O M M IT TE E  B E  IN FO R M ED ?

Senator Pell. Do you not  think this would be of concern to the 
Foreign Relations Committee and they should be informed?

Mr. F orman. I am not in a position to answer tha t question, 
Senator.

BASI S FO R  DO D SE L E C T IO N  O F C O M M IT TEES

Senator Case. What is the basis for the selection of committees 
by the Departmen t of Defense?

Mr. Forman. I can’t speak to that, sir. I did not make the selection.
Senator Case. Could you have an answer provided for the record 

from the Departmen t of Defense? Have you access to the people in 
the Department who made tha t determination?

Mr. Forman. Senator, I could take the question back with me.
Senator Case. Where are you going to take it?
Mr. F orman. To the Secre tary’s office.
Senator Case. I s it the Secretary with whom you will talk?
Mr. F orman. Yes. It  is the Secretary who signed the letter I 

jus t referred to.
Senator Case. If it is appropriate, I would like to have tha t an

swered. Though I am a member of the Appropriat ions Committee, 
I don’t think, as such, that puts me in a different status than as a 
member of this committee. 1 would like to know the rationa le by which 
the Defense D epartment  assumes the author ity to make the selection. 
Second, I would like to know the rationale which governs the selection.

This is a subject in which I am deeply inte rested , Mr. Chairman.

( no te .—Subsequently the Departmen t of Defense supplied for 

the record this statem ent.
R ationale of DOD Selection of Committees  To Be I nformed Concerning 

Weather  Modification Activities

It  is not  app ropriate for a Depar tment  or Agency of the  Execu tive Branch 
of the Governm ent to become involved in jurisdict ional issues between Com
mittee s of the Congress. The  disposition of classified info rmation provided to the  
Congress through  the  Congressional  Com mittee of prim ary jurisdiction over the  
partic ula r Depar tment  of the Executive  Branch  is a mat ter for Legislative 
Branch  determination.
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Fur ther related  to the subjec t was the following exchange of letters:
September 14, 1972.Mr. R ady J ohnson,

Office of Secretary of Defense for  Leg islativ e Affa irs , Department of Defense , Pentagon, 
Washing ton,  D .C.

Dear Mr. J ohnson: Pursuant  to toda y’s conversatio n between John Marks 
of my staff and  Colonel Harry  Dunn of you r office, I would be grate ful if you 
could send a reply  for the  hearing record  on S. Res. 281 to the  question 1 asked 
Mr. For man on July 26.

Specifically, I would like to know why the  Armed Services and  Appropriat ions 
Com mittees were chosen, and  the  Foreign Relations and  Foreign Affairs Com
mit tees  were not  chosen to receive information on 1) th e overall weather  modifica
tion program, 2) the  tac tica l appl icat ion of weathe r modif ication  in Southeas t 
Asia, and  3) Proj ect Interm ediary  Compatriot. I would be gra tefu l to learn how 
such  a decision is made, and whether or not  the  Defense De partm ent would be 
willing to share the  same informa tion  with  the  Foreign Relations Committee 
now that  the re is a prospective internatio nal  agreement concerning weather 
modification before the  Committee.

Sincerely,
Clifford P. Case,

U.S. Senator.

General Counsel  of the Department of Defe nse ,
Washington, D.C.,  September 21, 1972.

Hon. Clifford P. Case,
U.S . Senate,
Washington, D.C .

Dear Senator Case : This is in response to your  l etter of September 14, 1972, 
which requests  inform ation  as to how the Depar tment  of Defense determ ines 
which comm ittees of the  Congress to keep informed of ma tte rs per taining to 
its adm inistrative responsibilities.

As sta ted in the inse rt for the record  provided to the  subcommittee on 
Septemb er 7, 1972, the Depar tment  does not  consider it  app rop ria te to become 
involved in comm ittee  juri sdic tional issues. As a prac tica l mat ter however, the 
Depar tment  routinely and trad itio nal ly conducts i ts business on a daily basis w ith 
those  comm ittees of the Sena te and  House of Representat ives , which under the  
rules of those two bodies have  jurisdict ion over the  author ization  and  appropr ia
tions  for the  various funct ions assigned to the  Depar tme nt. In the  functional 
areas of Operation  and  Main tenance,  Procurement, Research and  Development, 
Manpower, Mil itary  Construc tion and others , the  Comm ittees  assigned juris 
dict ion by the  Senate and House Rules are the  Armed Services an d Appropriation 
Committe es.

With  regard to you r second question,  I respec tfully  refer you to Dr. Fos ter’s 
le tte r of December 16, 1971, in response to a simila r request by Chai rman  Pell, 
a copy of which is attached.

Sincerely  yours,
J. F red Buzhardt.

At tachm ent  as stated.

D irector of D efense  Research and Engi neering,
Washington, D.C., December 10, 1971.

Hon. Claiborne Pell,
Chai rman , Subcommittee on Oceans and Internatio nal  Environment,  Committee on

Foreign Rela tions,  U.S . Senate, Washing ton,  D.C.
D ear Mr. Chairman: Your le tte r of 3 December 1971, which was addressed 

to  the  Sec reta ry of Defense, has been  referred to this  office for reply . In your 
le tte r you expressed dissa tisfac tion with  inform ation previously furnished to you 
by  Mr. Ra dy  Johnson  on t he sub ject of Depar tment  of Defense w eather  modifica
tion activiti es.

Cer tain  aspe cts of our work in thi s area  are classified. Recognizing  th at  the 
Congress is concerned with the  question  of the mili tary  applica tion  of weather 
modif ication  technology I have, at  t he  direct ion of Secret ary L aird  seen to it th at  
the  Chai rmen  of the Comm ittees  of Congress with prim ary responsib ility  for th is
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De partm ent’s operations have been completely  informed regard ing the  deta ils of 
all classified wea ther  modifica tion und ertakings by the  Depar tment . However, 
since the information to which I refer has a definite  relat ionship to nat ional 
secu rity  and is classified as a result, I find it necessary to respec tfully and  reg ret 
fully decline to make any  fu rth er disclosure of the deta ils of these ac tivi ties  a t this  
time.

Sincerely, (s)  J o hn  S.  F o st e r , J r .

Senator Case informed the chairman of the committee, Mr. 
Fulbright, tha t he considered the information supplied by the D epa rt
ment of Defense to be “ nonresponsive” to the questions raised and it 
was agreed t ha t at a later time consideration would be given to the 
subject of obtaining an informative response to the question ra is ed .\

Senator Pell. Thank you very much, Senator Case.
As a member of the subcommittee dealing with this subject, I am 

particularly grateful to you for giving us the time that  you have given.

IN FO R M IN G  CO M M IT TE E  IN  E X E C U T IV E  SE SSIO N  ABO UT W A R TIM E 

U SE  Q U E ST IO N E D

While the chairmen of those four committees have been informed, 
your earlier s tatem ent tha t you could inform us on the subject only 
in executive session is not correct.

Mr. Forman. Senator, I didn’t unders tand you to be addressing 
yourself solely to Southeast Asia when you made that  comment. I 
just don’t know the answer when you are talking as possible opera
tional use in wartime.

Senator Pell. But  the only war in which we are engaged is in 
Southeast Asia. When Senator Fulbright asked General Vogt whether 
we are using it, to the best of my recollection, his answer was tha t 
he could not comment on this subject in executive session.

Mr. F orman. I am not disputing that , Mr. Chairman; I am merely 
observing, if I understood your initial question correctly, tha t you 
were talking about  possible offensive uses in wartime ami not con
fining yourself to the present hostilities in Indochina. It  is tha t on 
which I am uncerta in. Obviously, there are certain things which 
would be apparent to anyone who might think  about  the subjec t as 
to the possible uses one might make of weather modification. 1 could 
speculate as to some of it  myself.

I would be hesi tant to speculate in open session because I might 
be getting  into areas which are classified. I jus t don’t know. Whether 
these possible uses, which, as I say, are entirely  irre levant from w hat 
we are or not doing in  Indochina or might  have done, are classified, 
I am just  not certain. I mean I am not certa in to what extent they  
might be revealed to your committee.

P O S S IB IL IT Y  OF M E L T IN G  PO L A R  IC E C A P

Senator Pell. Getting into a few of these possible uses, has the 
Defense Department ever studied the possibility of what may sound 
like far-out proposals, though they are not  really, such as changing 
the axis of the earth. Have you ever s tudied the possibility of melt ing 
the polar icecap?

Air. Forman. Senator, I am informed we ju st don’t know how to 
do much of anything in this area, tha t we don’t know how to modify
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the currents  of the ocean or the atmospheric currents above us. There 
are a great many things we ju st don’t know in the geophysical field. 
The study I mentioned earlier about computer simulation of possible 
climatic effects or predicting  climatic changes—if I may refresh my 
recollection for a moment—does not deal with how to remove the 
Arctic ice, but it does go into the question of will we have climatic 
variations due to major changes on the earth’s surface such as the 
removal of Arctic ice, and to what extent can we predict this on a 
computer.

As I indicated, I am told by our researchers t ha t our s tate  of knowl
edge in this area is virtually nonexistent. We just don’t know how to 
do it.

Senator Pell. Have there ever been any field tr ials or experiments 
in melting the polar icecap conducted by DOD?

Mr. Forman. I don’t know this.
Senator Pell. You simply don’t know?
Mr. Forman. I don’t know.
Senator  Pell. Could you find out and submit for the record your 

reply?
Mr. F orman. I will check. As I  say, I have been informed that  our 

capabi lity to engage in any sort of modification along geophysical 
lines does not exist.

Senator Pell. Still, would you submit for the record whether or 
not DOD has engaged in any experiments with regard to melting 
of the polar icecap. It  should not be classified.

Mr. F orman. The icecap as such?
Senator Pell. Yes. Could you do tha t?
Mr. Forman. Yes.
(The information referred to follows:)

DOD R esponse to Query Concerning Melting P olar Icecap 
DOD has not engaged in any  expe rimen ts or field tri als to m elt the  polar icecap.
Senator Pell. That certainly would not have to be classified.
Mr. F orman. I should see no reason why it  should be as a research 

project.
Senator Pell. I am try ing to keep this as unclassified as we can.

R E SEA R C H  R E L A T IN G  TO  G E N E R A T IO N  OF E A R T H Q U A K E S

What research has DOD conducted relating to the generation of 
earthquakes,  what geophysical activities?

Mr. Forman. My understanding is tha t our research in the field 
of earthquakes is v irtual ly nil or is nil in the modification sense tha t 
you are addressing. We do, of course, do research on earthquakes in a 
different area. T hat is the area of the problem of verification, of the 
Nuclear Test Ban Tr eaty . It  is in t ha t field, in the verification aspect, 
rath er than the modification aspect.

HAS DOD  EN G A G ED  IN  W E A T H E R  M O D IF IC A T IO N  O VER CU BA ?

Senator Pell. Has DOD engaged in any weather modifications 
over Cuba?

Mr. Forman. I don’t know the answer to that question.
Senator Pell. Could you submit tha t for the record, please?
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Mr. F orman. Certainly.
(The information referred to follows:)

D od  R es p o n s e  to  Q u er y  C o n c e r n in g  W e a t h e r  M o d if ic a t io n  O v er  C u ba

D O D  has n o t engag ed  in  a n y  w e a th e r m o d if ic a ti o n  o v e r C u b a .

CO OR DINA TIO N IN  EN VI RO NM EN TA L OR GE OP HY SICA L RE SE AR CH  
EXPE RIM ENTS

Senator P ell. What provision is made for coordination between 
DOD and State and with foreign governments in the case of any 
environmental or geophysical research experiments?

In other words, do we let other countries know the results of our 
seismic research under the Nuclear Test Ban Treaty?

Mr. Forman. Yes; generally speaking, the other nations are in
formed of the results of our research, or I should say of our operations.

OP ER AT IO N PO PE Y E AND IN TE RM ED IA RY CO MP AT RIOT

Senator P ell. Were Operation Popeye and Interm ediary Compa
trio t coordinated with the State  Depar tment? Were they aware of 
these operations? Could you describe them to us, briefly?

Mr. F orman. Senator, all I know of those operations is what I 
have read in the papers and the Congressional Record in the last  6 
months  or so, speaking personally.

Senator Pell. This is why we asked Mr. Laird to send us a com
petent witness.

Mr. F orman. Going beyond that , of course, as you have been told 
by Mr. Laird and by Dr. Foster,  the Departm ent of Defense has no 
comment to make.

Senator Pell. You are right.  They told us this, as I said, in both 
public and private  sessions. Would you be free to say whether these 
operations were coordinated  with the governments  of the nations 
involved, Thailand and Laos?

Mr. F orman. 1 can’t add to what I have already said. That is the 
position of the D epartment .

Senator Pell. Presumably, then, these projects are classified; is th at 
correct?

Mr. Forman. I don’t wish to even admit, sir, tha t there were such 
projects.

Senator P ell. I think  the name of the project is public knowledge.
Mr. Forman. I have read  that statement  in the newspapers, but, as 

you know, the mere fact that  something appears in the newspaper 
does n ot necessarily mean that  the Department of Defense or other 
Government agencies, as the case may be, will comment on the accu
racy of the story. By way of analogy, we are in this area, I think, 
somewhat in the position that  we are with regard to publicity with 
respect to nuclear weapons, where, as you know, the policy is neithe r 
to confirm or deny.

Senator  Pell. 1 don’t know whether the executive branch  admits to 
the va lidity of the so-called Pentagon Papers,  b ut on page 421, volume 
4, of the edition put  out by Beacon Press of Boston—and I believe 
the}’ have been reprinted by the Government Prin ting Office—it refers

S2-892 — 72----- 4
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to Laos operations “Continue as at present plus Operation Popeye 
to reduce trafficability along infilt ration routes.” That is on page 421. 
You are not free to comment on the validity  of tha t statem ent?

Mr. F orman. No, sir.

W HY C A N ’T  W IT N E S S  CO M M EN T ON  SO U T H E A ST  A SIA  O PE R A T IO N S?

Senator Pell. If you weie free to comment on our operations or 
nonoperations on the Greenland Icecap or with regard to ea rthquakes 
or submit a comment on Cuba, why is i t that  you cannot  comment on 
any of these operations in Southeast Asia? What is the difference?

Mr. F orman. Senator, perhaps my answer was a little elliptical. 
All I intended to convey was tha t I would take your questions back to 
the Pentagon. I am not sure what the response will be. I don’t know 
whether it will be a flat answer or the answer will be that this falls 
within the previous general statement,  wi th certain aspects relat ing to 
nationa l security and classified accordingly.

Senator P ell. Is there any reason why any Member of the  House 
and Senate should be denied information relating  to weather modifica
tion activit ies on a classified basis? W hat is the reason for this wool 
that  we find in this regard? It  is extremely frustra ting because theo
retical ly we have a certain oversight responsibility. We author ize and 
appropriate  money the use of which we don’t always know. Why is i t 
tha t we are denied either in an open session or in a closed session 
information with  regard to these activities or these nonactivities?

Mr. Forman. I am unable to elaborate  on the statem ents which 
have been made in this regard, Senator.

Senator  P ell. Could you give us the reason why you are unable  to 
answer th is question?

Mr. F orman. Senator, if T am correct in my recollection, both you 
and Senator Case a li ttle while ago in effect asked th at question of me, 
and I undertook in response to your request to pass it along to the 
Secretary’s office. Tha t is all I can do.

witness’ terms of reference in answering questions

Senator  P ell. Basically, would this be permissible from your 
viewpoint? What are the terms of reference tha t have been given to 
you in answering our questions? On any question in regard to weather 
modification in Southeast Asia you are not permitted to answer; is 
tha t correct?

Mr. Forman. Other than what the Secretary has said with regard 
to North  Vietnam.

Senator Pell. He said in answer to a question from the chairman, 
I believe, that no such activities were being engaged in over North 
Vietnam. He did not  say South east Asia. He limited himself to 
North  Vietnam.

Mr. Forman. Correct.

M IS SIO N  O F O L -2  U N IT  A T  U D O R N  A IR  FO R C E  BASE

Senator Pell. Would you be free to comment on the mission of the 
unit tha t had the description OL-2 s tationed at Udorn Air Force Base 
in Thailand or would this be beyond your terms of reference?
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Mr. Forman. I don’t know the unit and I don’t know whether, if I 
did know of the unit, it would or would not  be within my terms of 
reference.

Senator Pell. Could I ask you to take that back and submit for 
the record a brief resume of the mission of the unit authorized by the 
Congress and paid for by the taxpayers? In this particu lar case, if you 
wish to make it classified, make it classified.

Could you permit yourself to do that?
Mr. F orman. I will cer tainly take back anything the chairman asks 

me to take back. But I cannot commit the Department of Defense 
as to the answer, sir.

(The informat ion referred to follows:)
M is sio n  o f  OL -2 U n it  at U d orn  A ir  F orce B ase  

(Supplied by  De partm ent of Defense)

The miss ion of th e un it  is to provide  ae ria l rec onnai ssa nce  we ath er  dat a as 
ma y be necessary  t o su pp or t 7AF  comba t op erati on s. In  addi tio n, pro vid es stor m 
we ath er  reconn aiss anc e as requ es ted  by th e Jo in t Ty ph oo n Warn ing  Ce nte r.

Senator Pell. This is one of the reasons why we asked Secretary  
Laird for somebody who wotdd be able to give these answers.

A C T IV IT IE S  O T H E R  T H A N  P O P E Y E  AND IN T E R M E D IA R Y  COM PA TRIO T

If we ask you these questions and there is no comment, we jus t go 
through the ritual.  In what weather modification activities has the 
American Government engaged in in Southeast Asia other than 
Popeye and Intermediary Compatrio t?

Mr. F orman. The same answer, Mr. Chairman.

HA V E A RM ED  SE R V IC E S  PR O V ID E D  S U P P O R T  FO R  CIA ?

Senator Pell. Have the armed services provided support to the 
CIA for the purpose of carrying on weather modification activities?

Mr. Forman. The same answer, Mr. Chairman.

DOES DO D SH A R E  IN FO R M A T IO N  W IT H  O T H E R  C IV IL IA N  A G E N C IE S?

Senator Pell. Does the DOD share information concerning its 
weather modification activities with other civilian agencies?

Mr. Forman. The same answer, Mr. Chairman.

W H Y  DO D R A T H E R  TH A N  C IV IL IA N  A G E N C IE S ?

Senator Pell. You mentioned earlier t ha t the armed services have 
engaged in a number of weather modification operations at the re
quest of and in cooperation with other governments.

Why should such activities be carried out by DOD rather than  one 
of the civilian agencies, such as NOAA or the Departmen t of Com
merce?

Mr. F orman. I believe I  gave one example or one reason in the case 
of the Azores, as one reason why DOD was doing it r athe r tha n others. 
It  might also be t ha t the assets for under taking the operation which 
are already in place are those of DOD. Therefore, it would be less ex
pensive for DOD to do it.
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COULD WEATHER MODIFICATIONS IN SOUTHEAST ASIA BREACH DIKES?

Senator Pell. Could weather modifications in Southeast Asia, if 
conducted, produce flooding and breaching of the dikes? Tha t is not 
saying what we are doing. I am asking if they were conducted could 
they produce breaching of the dikes and floods?

Mr. F orman. I don’t think I can go beyond the answer given from 
a technical point of view to you earlier by Dr. Foster. You are asking 
me to speculate on the outcome of the sta te of the art.

I am sorry, the letter I referred to was from Rady Johnson to you, 
dated  November 23, 1971. I would like to read tha t particular para 
graph.

There is no known way to make  rain  under all condi tions. When the  proper  
meteorological conditions prevail, th at  is, when clouds capable  of producing n atu ral  
rain exist, it  is a rela tive ly simple mat ter to increase  the  amount  of rain which 
will fall. The amount of rain is f requ ently of the order of 30 to 50 percent. This  
aug men tation is well w ithin  the  n atu ral  limits of rainfal l for regions within  which 
exper iments  have  been conducted. Massive downpours far in excess of na tur al 
occurrences have not  been produced, and theoretica l knowledge at  hand indicate s 
th at  this will probably  always be the case.

Similarly, there is no known technique which will perm it the s teerin g of storms 
in a specific area.

CAPABILITY OF DISSIPATING CLOUDS

Senator P ell. In addition to the seeding of clouds producing storms, 
is i t not also a milita ry capability  to be able to seed clouds and dis
sipate them so as to expose the target s for possible bombing?

Mr. Forman. Again, Mr. Chairman, we are getting into the area 
which I indicated earlier I  could speculate as could anybody else who 
thinks about the m atte r as to possible milita ry applications of weather 
modification activities.

Since I am not informed as to which of these possible speculative 
uses might in fact be incorporated into existing planning or con
tingency thinking, I would prefer not to speculate about the subjec t 
lest  my speculation be possibly construed as evidence of the fact that  
we are in fact so planning or thinking.

CONSULTATION CONCERNING CLOUD SEEDING TO DAMPEN 
DEMONSTRATIONS

Senator P ell. Coming closer to home—and I hope this is not  a 
classified answer—has the Department  of Defense ever been consulted 
regarding the possibility of cloud seeding to produce rain to coincide 
with antiwar demonst rations around Washington or other cities?

Mr. F orman. I don’t know the answer to that .
Senator Pell. Could you find that out? Would tha t fall within 

your terms of reference? Would you let  us know?
Mr. F orman. I will let you know.
Senator Pell. On an unclassified basis?
Mr. F orman. Well, the  answer will certainly be unclassified.
Senator Pell. Right . But  the  question is: Has  DOD ever been con

sulted regarding the possibility of cloud seeding to dampen 
demonstrations?

Mr. Forman. I presume when you say “consulted,” you mean re
quested by some other Government agency or department?
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Senator Pell. Exactly.
(The information referred to follows:)

DOD R e s p o n s e  to  Q u er y  C o n c e r n in g  C lo ud  S e e d in g  T o D a m pen  
D e m o n str a tio n s

No such request was ever made to DOD.

RE SE ARCH CO NC ER NIN G PR OD UC TION  OF  AC IDIC RA IN FA LL

Senator P ell. Has any means been developed to the best of your  
knowledge, to treat clouds with  chemicals tha t would produce acidic 
rainfall capable of fouling mechanical equipment, such as radar , 
trucks, artillery, or antiaircraft weapons? I am not talking abou t a 
geographic area, but a general field of knowledge.

Mr. F orman. You are talking  research now?
Senator Pell. Yes.
Mr. F orman. Not  use and not operation. I don’t know the answer 

to that question. As I indicated, our research is unclassified. The re
ports are available.

Senator P ell. I am reading a press report and I wondered if you 
would comment on its validity. It  is to the effect tha t a method is 
being developed for treating clouds with a chemical tha t eventual ly 
produces an acidic rainfall capable of fouling the operation, in this 
case, of North Vietnamese rada r equipment.

The question I directed to you was whether the research was 
being done.

Mr. Forman. As I  indicated, sir, I don’t know the answer to tha t.
The research, as I have previously said, is unclassified. Our repor ts 

are distributed widely through the NTIS (National Technical In 
formation Service) of the Department of Commerce. Certainly , if we 
have done it, it should show up in the periodic bibliographies.

AVAIL ABI LI TY  OF W EA TH ER MOD IFICAT IO N RE SE AR CH

Senator P ell. Is all research in connection with weather modifi
cation activities  unclassified?

Mr. Forman. This is what I have been informed, tha t all our 
research is conducted on an unclassified basis and the results of tha t 
research is made available to the public.

Let me modify tha t to some extent. We might conceivably have 
some research resul t which is proprietary. For example, if the work 
were done by some industrial  firm, there might conceivably be some 
technical knowledge which is no t classified but yet proprie tary to the 
firm and which might, therefore, no t be widely disseminated but  made 
available only on a limited dis tribution basis to those who are engaged 
in the field and who are obligated by contract to respect the proprie
tary rights.

Senator Pell. Would this include the research done a t China Lake 
Research Center?

Mr. F orman. So far as I know, i t is unclassified in this area.
Senator Pell. In what area?
Mr. Forman. Weather  modification. As you know, there is other 

research done at China Lake, which is a naval weapons center.
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A V A IL A B IL IT Y  OF DR. ST . AM AN D TO  T E S T IF Y

Senator Pell. But the weather modification is unclassified. Dr. St. 
Amand is the head of tha t laboratory; is he not?

Mr. Forman. I am not  sure of his job description.
Senator P ell. He is head of the weather modification portion of it.
Mr. Forman. I note from your lette r to Secretary Laird that  you 

describe him as the  head of the Earth  and Planetary  Sciences Division 
of the Naval Weapons Center, China Lake.

Senator Pell. So his work would be unclassified?
Mr. F orman. Yes, sir.
Senator P ell. So there is no reason why he could not  come up here 

without any wraps from the administration  and be able to tell us 
freely of his activities?

Mr. Forman. I would presume if the questions were confined to 
the actual research being conducted and the results of the research as 
distinguished from the possible application of the research in terms 
of milit ary application, lie should be able to testify in tha t area.

R E A SO N  FO R  D E F E N S E  D E PA R T M E N T  M O D IF IC A T IO N  
OF R E CO M M EN D A TIO N  218

Senator P ell. Going for a minute to the recent Stockholm meeting, 
why did the Defense Depar tmen t want to modify Recommendation 
No. 218? W hat was the reason for that?

Mr. F orman. I think Dr. Pollack has indicated the basic reasons. 
I don’t know that  I can enlarge upon what he said other than to remind 
the chairman that, at least so far  as I can recall, it is fairly standard 
language in these treaties to modify these absolute obligations by such 
words as “to the maximum exten t feasible” or “where practicable,” 
and so forth.

If I am n ot incorrect in my recollection, I believe the Seabed Arms 
Control Treaty , to which reference has been made, has similar language 
in its  text.

REA SO N  FO R E X E C U T IV E  BRANCH SEC R E C Y

Senator Pell. I want to retu rn for a moment to the central point 
tha t bothers me.

What is the reason for the secrecy of the executive branch in this 
regard both in executive session and in open session? Why won’t they 
discuss activities  of this nature, either to say they are being done or 
are not being done? I can’t get to my own satisfaction the reasons for it.

What  we are dealing with here is the question, as Mr. Pollack 
pointed out, of not just  climate  modification, which he said we would 
eschew, but weather modification.

I realize weather modification is not going to change the weather 
over Chicago 3 days la ter. But  weather modification crosses frontiers. 
This was made very clear when Secretary Laird said we are engaging 
in no operations over North Vietnam. You don’t have to engage in 
them over North  Vietnam to have an effect.

The general question is: Isn ’t it generally bette r to be rained on 
with ra in instead of rained on with  bombs? The answer is “ Yes, unless 
the rain produces floods tha t kill or seeding clears the clouds in order 
to drop bombs.”
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It  also opens up a Pa ndora’s box of new weaponry. My own thought 
is when you open this door, when this  particular camel get’s his nose 
under the ten t of the arsenal of weapons and bores in, there will he 
many more weapons along these lines that  will develop, some of which 
are outlined in Dr. MacDonald’s excellent hook. He will he a witness 
here tomorrow.

We are dealing with the environment, with the climate, which is the 
proper ty of all citizens everywhere. This Hat refusal to comment in 
this field creates a very had impression, not only in the minds of 
the American public b ut I think of the Congress, too.

In my own 12 years here I don’t recall a single area where comment 
is as flatly refused as this. If we are talking about the creation of rain 
to flood out the Ho Chi Minh Trail, which may produce floods as 
well tha t would be devas tating  to many of the civilians—if we are 
doing that,  why can’t we say so?

We are certainly saying we are dropping weapons tha t kill now. 
What is the reason behind the adam ancy of the executive depar tment? 
Can you give me some enlightenment? We have been very patient on 
the Hill, hut there is a tremendous sense of frustra tion, and it is the 
right of the public, the taxpayer, to know about  it.

Can you give me a little  guidance as to the thinking, the reasoning, 
or the rat ionale of the Defense Department in saying no comment, or 
the same comment and refusing to reply in open or private session? 
Could you give me a li ttle help?

Mr. Forman. I regre t tha t I am unable to, sir. I would, however, 
like to call your attention to the fact that a few minutes ago when 
you were talking about the general area, you used the word “climate .” 
I presume t ha t was inadv ertent.

Senator Pell. I am sorry?
Mr. F orman. I said that a few minutes ago in your statement you 

used the word “climate” in the context of changing the environment, 
as well as weather modification.

Senator P ell. Mr. Pollack said the United States would not engage 
in any climate modification activities. Wha t we are talking about 
here is weather modification, a more tactical as opposed to strategic  
approach.

Mr. F orman. I merely wanted to make that  point, sir. I am sure 
you did not intend to use the word “climate” in the sense tha t Mr. 
Pollack used it.

Senator  Pell. I didn’t. I  said I agreed with Mr. Pollack.
Mr. F orman. I thought you said we would not comment about  

“climate.”
Senator  Pell. I said the Government eschewed the use of climate 

modification. I accept tha t. What  I am discussing with you is weather 
modification, a very dif ferent subject, as you well know, which is the 
specific subject of the draft trea ty on which I am trying to get a 
comment from the executive branch of the Government.

I don’t talk about climate modification. I talk about weather 
modification which is a localized use of weather changing for mili tary 
reasons.

R EA SO N  FO R  E X E C U T IV E  BR A N CH  R E F U S A L  TO  COM M ENT

I recognize you are speaking here as an intelligent individual but  
with certain guidance from the executive branch. However, I don’t
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closed session really since I have been here on the Hill.

I again would ask you:  Could you not give us a little general, 
broad, philosophical background withou t being specific on the reason 
the executive branch refuses to comment in either closed or open 
session on this subject?

Mr. F orman. Mr. Chairman, I repeat, as I said earlier when 
Senator Case was here, all I  can do is take tha t question back to the 
Secre tary’s office for an answer. I am not in a position to respond to it.

Senator Pell. I am deeply aggravated, deeply disappointed and 
must, I think, really recess this committee with the request for perhaps 
somebody who can comment. At least that broad comment would be 
of interest to the American people, and certainly to me, as to why it 
should be so classified.

I hope we will not continue doing these things. I think i t ought to be 
a ma tter  of public knowledge. If it is in private knowledge we will 
find the same weapons being used against us. We will find other 
examples of weather modification or environmental modification being 
used t ha t will have an effect on our agriculture, our fisheries, our own 
life here.

witness’ instructions concerning discussing weather 
M O D IF IC A T IO N

I think we should bring these approaches into the open. Rather  
than  saying that  this will conclude the appearance  of th is particular 
witness, 1 think I must  press you one step further and say are you 
under instructions not to discuss this subject?

Mr. Forman. I am sorry, I don’t understand what you mean by 
this subject.

Senator  Pell. This subject  being the use of weather modification 
activities for military purposes in Southeast Asia.

Mr. Forman. Yes, sir.
Senator Pell. You are under instruct ions in that  regard?
Mr. Forman. Yes, sir.
Senator Pell. Then I really must recess this hearing and ask you 

to take back the message to the Secretary of extreme disappointment 
on my part, and on the par t of the committee, and hope t ha t a more 
forthcoming witness, not criticizing you as an individual, but a 
witness with instruc tions tha t will permit him to answer the general 
questions I have asked, would be forthcoming, or tha t you could 
submit  for the record such information.

Mr. Forman. I understand.
Senator Pell. On tha t note of frustra tion, I think I must recess 

this committee.
If you or another witness care to come back tomorrow, you would 

be most welcome, particularly with regard to the last question of 
what is the reason for the refusal of the  Department to discuss this.

If a witness will come back tomorrow with tha t reply in an un
classified form, we will p ut him on ahead of all the other witnesses. 
I would hope tha t he might.

Accordingly, this committee is recessed until 10 o’clock tomorrow 
morning.
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(Whereupon, at 11:55 a.m., the subcommittee recessed, subject 
to the call of the Chair.)

(Additional questions submitted by Senator  Case and responses of 
the Department of Defense follow:)
ADDITIONAL QUESTIONS SUB MITTED  BY SENATOR CASE AND 

RESPONSES OF THE DEPARTME NT OF DEF ENS E
Question 1: The Advanced Research Projects Agency’s multimillion-dollar 

climatological modeling project is unclassified, uses some of the most advanced 
computer technology in the world, and is available for use by NASA and other  
civilian agencies. Are any parts of NILE  BLUE, now renamed Climate Dynamics, 
classified? Since its aim is to model the globe’s climate—a pheonomenon very 
much affected by non-milita ry activities as industria l pollution—what is the 
justification for ARPA’s sponsorship of the project? Why shouldn’t Climate 
Dynamics be transferred to a civil ian agency?

Answer (a): Are any parts  of NILE BLUE (now renamed Climate Dynamics) 
clsssified? No.

(b) : What is the justification for ARPA’s sponsorship of the project? Why 
shouldn’t Climate Dynamics be transferred to a  civilian agency?

The Soviet Union has invested considerable effort and resources in developing 
a well organized and extensive program in climate modification research. The 
Director  of the Soviet Hydrometeorological Service has declared tha t active 
modification of climate is an objective of this research. A number of specific 
projects have been proposed to alleviate the harsh Russian climate with a tten dan t 
benefits to agriculture, navigation, and resource exploitation. These include 
removal of the Arctic pack ice, damming of the Bering Straits, and diversion of 
Siberian rivers.

These programs clearly might affect the climate of other parts of the world, 
including the United States and its allies. Even marginal changes in temperature 
and rainfall could drastically damage agriculture, shipping, and indeed the entire 
economy. Military operations would also be impacted if the boundaries of pack 
ice, the ice-free seasons of naval bases, the frequency of obscuring clouds, etc. 
were altered. Thus climatic changes are clearly potential ly grave threa ts to 
national security, and have consequent implications for military planning.

For these reasons, it is incumbent upon the DOD to develop a capability to 
predict the climatic effects of foreign actions and to detect modifications which 
may be in progress. With a scientifically credible detection capability, world 
opinion and the instruments of national power may be mobilized to reverse actions 
damaging to the national interest.  These specialized national security questions 
are incompatible with the missions of the civil agencies, whose meteorological 
programs center on weather prediction and basic research in atmospheric physics.

Question 2: Has the Department conducted any detailed studies on the long- 
range effects of extensive wea ther modification activities?

Answer: No.
Question 3: In your statement, you stated  the Depar tment of Defense’s field 

research and development efforts are “usually joint  efforts .” Could you name and 
describe the projects which are not joint efforts?

Answer: See attachments to insert on page 37.
Question 4: Is there any classified weather modification research going on at  

present? If so, what is its extent, its budget, and its purpose? Do the China 
Lake Naval  Ordnance Laboratory, or the Air Force Cambridge Research Labora
tories play a role? If so, what is it?

Answer: No classified weather modification research is being conducted.





PROHIBITING MILITARY WEATHER MODIFICATION

THU RSDAY, JU LY  27, 1972

U n it ed  S ta tes S e n a t e ,
S ubco m m it tee  on  O ce an s an d 

I n ter n a tio n a l  E n v ir o n m en t  of  t h e
C om m it tee  on  F orei gn  R el a t io n s ,

D.C.
The subcommittee met, pursu ant to recess, at 10 a.m., room 422 1, 

New Senate Office Building, Senator  Claiborne Pell (chairman of the 
subcommittee) presiding.

Present: Senators Pell and Case.
Senator P e l l . The Subcommittee on Oceans and Inte rnat iona l 

Environment will come to order.

o pe n in g  sta tem en t

In opening our hearing this morning on this subject, I would like 
to read into the record a let ter which I wrote Secretary Laird yesterday. 
It  reads as follows:

Dear Mr. Secretary : You no dou bt have  been informed th at  I felt compelled 
this morning to recess the  hearing of the  Subcommittee  on Oceans and  In te r
nat ional Environment because of the  nonresponsive test imony of Mr. Benjamin 
Forman, Ass istant General Counsel, Int ern ati onal Affairs, of the  De partm ent of 
Defense. The  sub jec t ma tte r in ques tion concerned the  weather modification 
activities of the Defense Depar tment  in Sou theast Asia.

Although Mr. Forman  readily discussed aspe cts of weather modif ication in 
which he  sa id the  Defense  Depar tment  had no opera tional program s, Mr. Form an 
indicated th at  he was under inst ruc tion s no t to answer the sub com mit tee’s 
questions concerning  wea ther  modif ication  in Sou theast Asia on the  grounds of 
the  secu rity  classification of the  info rma tion  involved. When asked why such 
information shou ld be classified, or  why the  re strictions had  been placed upon his 
test imony, Mr. Forman found himself unable to respond. Accordingly, I recessed 
the  hearing and asked Mr. Form an to relay  to  you my requ est th at  he ret urn to 
the  subcomm ittee hear ing tomorrow with  answers to my questions or th at  some 
other Defense De partm ent witness app ear  who could explain the  reaso n for 
invoking security classification.

The exp lana tion  for the ext rao rdinar y secrecy with  which this sub jec t is 
treated by the  executive  branch  is a complete mys tery  to me. The fac t th at the  
United  S tate s has engaged in w eath er modif ication  in  Southeas t Asia is no longer 
a secret . On what basi s can the Defense De partm ent openly discuss its bombing 
operations in No rth  Vietnam and at  the same time  invoke secrecy in the  case of 
weather modif ication?

I sincerely hope th at  you will send  a representative to tomorrow’s hearings to 
address the  question s left unanswered tod ay.  As I informed Mr. Forman , the  
subcomm ittee  will arra nge  for your represent ative to appear  at  the  ou tse t of 
tomorrow’s hearing.

There have been various telephone calls back and forth. At last  
repor t there would be no witness coming up today. Am I correct? Is 
anybody from the Defense Department here?

(No response.)
(35)
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Senator  Pell. No. So I want to read tha t lette r into the record 
and reexpress my shock and concern and, really, indignation at the 
way we are apparen tly engaging in these activities and cloaking them 
in secrecy and not commenting on them. As was brought out yester
day, we will not comment on them as a Government either in open 
session or closed session. So I imagine this seems to  be one of, I hope, 
a small number of activities on which the Congress is supposed to be 
absolutely uninformed except for the four chairmen of the Armed 
Services and the Appropriations Committees. I understand there are 
inquiries being made through the press. The information tha t reaches 
them is not as complete as it might be.

I would add tha t we will resume these hear ings any time the De
fense Depar tment  finds itself in a more responsive mood.

Today we continue our hearings on Senate Resolution 2S1, which 
expresses the sense of the Senate tha t the United States should 
seek the agreement of other  Governments to a proposed trea ty pro
hibiting the use of any environmental or geophysical modification 
activ ity as a weapon of war.

Yesterday the Defense Departmen t witness admitted tha t he had 
been instructed not to answer any questions concerning military 
weather modification operations in Southeast  Asia. This response 
reinforces my own belief tha t the United States  is, indeed, utilizing 
weather modification techniques as a weapon of warfare. Such action 
may cause irreparable damage to our global environment and could 
undermine existing peaceful scientific projects, such as the global 
atmospheric research program and the world weather watch.

I sincerely hope tha t the adminis tration will reconsider its position 
on this issue of environmental warfare before more damaging prece
dents are set.

I know tha t a number of the distinguished -witnesses here today 
share this view, and I am looking forward to hearing their  testimony.

Our first witness today is my own colleague in the Congress, Con
gressman Gilbert Gude. Is he here?

H E A R IN G  PR O C E D U R E

Welcome, colleague, to the session. I would add the witnesses can 
make their plans accordingly. I unders tand that Dr. White has a 
pressing engagement afterward, and I hope Dr. MacDonald would 
forgive me if I ask Dr. White to come in ahead of him.

STATEMENT OF HON. GILBERT GUDE, A R EPRESENTA TIVE IN  CON
GRESS FROM THE EIGHTH  CONGRESSIONAL DISTRICT OF THE
STATE OF MARYLAND

Mr. Gude. Mr. Chairman, it is a distinct privilege to appear before 
this subcommittee. You, Mr. Chairman, have a remarkable record of 
sponsoring arms control measures, particularly the Seabed Treaty , 
for which we owe you so much. It is encouraging, therefore, tha t this 
committee is considering the challenge to good sense and arms control 
raised by the specter of geophysical warfare.

I have served for almost 2 years as Chairman of the World Environ
ment and Internationa l Cooperation Committee of Members of Con
gress for Peace through Law—MCPL. MCPL is a bipartisan, bi-
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cameral association of 32 Senators and 101 Congressmen. Together 
with Senator Alan Cranston, our committee’s Vice Chairman, we 
have been investigating the military use of weather modification since 
March of 1971.

I have noted that you will hear from a number of eminent scien
tists today, and that yesterday you were briefed by admin istration 
spokesmen, such as it was. 1 will leave the technical details of this 
new form of warfare to these experts. I do want to explore, however, 
three major areas of my concern over the development and use of 
environmental warfare techniques: The arms control implications, 
the effects on the U.S. scientific community, and the environmental 
consequences.

ARMS CONTROL IMPLICATIONS OF ENVIRONMENTAL WARFARE TECHNIQUES

Concerning arms control implications, it appears tha t this country 
has precipitously blundered in to a most unwise use of technology. The 
arms control implications are staggering. As Senator  Cranston and I 
pointed out to the Secretary of Defense on June 15, 1971;

Using we ath er  m odific ation  as  a  m ili tar y too l open s th e doo r t o a va st  u nk no wn 
ca teg ory  of wa rfa re.  Al tho ugh tec hn iqu es  are pr im iti ve  tod ay , exp erie nce  with  
ot he r m ili ta ry  syste ms  suggest s t h a t r efinem ent s i ne vi tably will co me.”

We are taking a step tha t demands gifted foresight and prophecy 
beyond our powers. For this reason alone, cau tion—even abs tention— 
should be our guide.

COMMAND AND CONTROL PROBLEMS

Why should we be so alarmed about a technique tha t is not nearly 
as le thal as other forms of warfare? There are several reasons: First , 
there are distinc t command and control problems associated with 
geophysical warfare and weather modification in particular . We simply 
do no t have effective short- or long-term control over the climates of 
the world. We can create certain disturbances, but as civilian ex
periments have shown, control is not very precise. In a military en
vironment, control over the results of weather experimentation is 
even more uncertain.

The command problem is no less acute. Since the technology to date 
does no t involve great  expense or sophisticated equipment, it is not 
difficult to imagine the use of weather modification by many different 
military subunits. In fac t, there  have been reports tha t we have trained 
the South Vietnamese to use weather modification. There are no 
double-key safing mechanisms here, no exclusive possession as with 
nuclear weapons.

POTENTIAL INDISCRIMINATENESS

We must also consider tha t the use of weather modification is 
potentia lly indiscriminate. Unlike other weapons, the winds and 
seas are not  so directable  tha t we can discriminate between one target 
and another. By then* nature , they are areawide weapons. We cannot 
flood only military targets  or cause drought in areas producing only 
military  rations. The technology will be used against people regardless 
of their uniform or occupation. Weather  modification will inevitably 
strike civilians harder than  nearby mili tary objectives. Will rain along 
the Ho Chi Minh Trail  succeed where years of bombing has not?
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And what  price will it exact from the agrarian societies along its 
path , both friend and foe?

D IF FIC U L T Y  OF D E T E C T IO N

The issues of command, control, and discrimination highlight 
another disturbing characteristic of weather modification, the diffi
culty of detection. Unlike other weapons, it may be possible to init iate 
military  weather modification projects without  being detected. In 
other words, the military results may not be visibly tied to the in itia t
ing party . This raises the possibility of the clandestine use of geo
physical warfare where a country does not know if it has been attacked. 
The uncertainty of this situation, the fear of not knowing how another 
count ry may be altering your climate, is highly destabilizing.

PO SSIB IL IT Y  OF FA LSE  CH A RG ES

I can also envision another possibility. Suppose, for example, tha t 
a U.S. plane flys a routine, nonmilitary mission near Chile, Egypt , or 
Tanzania and by some quirk of fate a major earthquake, flood, or 
forest fire occurs in one of these countries. Because we have been tink
ering with geophysical warfare, we could be charged with creating 
tha t environmental calamity due to the mere proximity of the U.S. 
aircraft. Propaganda would echo around the world. There is ample 
precedent for believing t hat  this could happen.  We need only remem
ber the incident during the Korean war when the North Koreans 
unjus tly claimed t ha t we were using poison gas.

A D M IN IS T R A T IO N  L E A D E R S H IP  IN  ARM S CON TR O L FIE L D

The administration has shown great leadership in the arms control 
field. SALT and the ban on biological weapons are two excellent 
examples. I t is to this record that  we should look for a model to follow.

There are certain parallels between weather modification and the 
early use of chemical warfare in Vietnam. Then, as now, we did not 
know the long-term consequences of our actions. We are only now 
beginning to understand how profound was our effect on the Viet
namese ecology. We cannot afford to repea t this experience. There
fore, I propose that the Presiden t’s initia tive in the biological field 
could be used as a relevant  model for restrictions on geophysical 
warfare.

C O N SE Q U E N C E S O F M IL IT A R Y  E N V IR O N M E N T A L  W A R FA R E  ON  S C IE N T IF IC  
COM M U NIT Y

Mr. Chairman, my second area of concern deals with the conse
quences of U.S. mi litary environmental  warfare on the U.S. scientific 
community. Geophysical warfare can poison the atmosphere sur
rounding legitimate international programs such as the global at 
mospheric research program, the international  hydrological decade 
and meteorology in general. We have already seen tha t it caused the 
U.S. delegation at the Stockholm Conference to water down a recom
mendat ion on climatic changes. The potentia l for embarrassment is 
great and for tha t reason Senator Crans ton and I conducted our
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correspondence with the Defense Departmen t in private for over a 
year until the issue broke in the press.

Our scientific community could come under suspicion or attack at 
these international  meetings. The trust built over the years by our 
excellent atmospheric scientists could be dispelled in one stroke of 
Pentagon experimentation. For this reason, it is of param ount im
portance  tha t the Secretary  of Defense publicly divorce all U.S. 
military weather modification or geophysical research activities from 
civilian organizations.

The U.S. Forest Service already has been drawn into the Vietnam 
conflict and in a most disturbing manner. Who would have thought 
tha t the same agency that teaches “Help Smoky stamp out forest 
fires!” would be contracted by the Pentagon to help create firestorms 
in Vietnam. It  is a sign of the pervasive influence of this mis taken war.

E N V IR O N M E N T A L  C O N SE Q U E N C E S  OF W E A T H E R  M O D IF IC A T IO N

In recen t years we have come to realize th at many of our activities 
in society have undesirable environmental consequences. Too often 
we learn of these after much of the  damage has been done. The area 
of weather modification has potential for causing considerable environ
mental harm and I regret  the fact tha t the public has been kept 
ignorant of what developments are taking place.

The Depa rtment of Defense has testified that it is conducting a 
study of climate modification known as Project Nile Blue. Under this 
study a sophisticated compute r called the Illiac IV will furth er advance 
our technological knowledge of how to change weathe r patterns. 
Obviously, such knowledge can be used for offensive military purposes.

Today there exists the strong  likelihood tha t we have artificallv 
increased rainfall in Indochina. Obviously, this activity  can be 
significantly destructive. Floods and intense downpours can do more 
than  hinder troop movements; they kill people and they destroy 
property.

Such operations are still at a primitive  stage; however, beyond 
making rain, we jus t look to the possibility of prolonging droughts, 
redirecting storms and hurricanes and setting off earthquakes  with 
small nuclear devices. Even the possibility of permanently changing 
the world’s climate by tampering with the polar ice cap is no longer 
in the realm of science fiction.

We learned a t the dawn of the atomic age that no military potential  
will long remain in the sole control of one power. It  may be possible, 
for example, tha t as the Soviets develop their computer technology 
their weather  control technology will progress correspondingly. But 
we should not be forced into this field due to some possible Soviet 
interest and neither  should we encourage the U.S.S.K. to increase its 
capabi lity because of our experimentations. It is in the best interest 
of bo th countries to avoid a technology race tha t could culminate in 
environmental  disasters.

Many authorities have testified tha t weather  modification is a 
Pandora ’s box. This is t rue in more ways than one. We not only do 
not know how far our technology will take us, but  we also have no 
idea of what may be the permanent consequences of the  experiments 
we have conducted so far. The top secret acidic rain, produced by the
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so-called hydroscopic seeding, is a prime example. Has it changed 
the acid content of the soil? Does it destroy plan t life or alter the 
ecosystem of the area on which it falls?

AB SE NC E OF NA TION AL  PO LIC Y ON W EA TH ER MOD IFI CA TION

In the exchange of correspondence with the Department of Defense, 
Senator Cranston  and I repeated ly inquired abou t U.S. nationa l 
policy regarding weather modification. In one reply we were told tha t 
weather modification has been discussed in DOD for some 20 years. 
It  probably goes back even further, for during World War II  we 
solved a fog problem at Iwo Jima airport by blasting the top off 
a nearby hill. Regardless of the time span, the most startling point 
is that only recently has an Under Secretary’s committee been 
convened to formulate a definitive national  policy. Twenty years or 
more we have been moving toward a new form of warfare with no 
overall policy guidance. Deputy Director of Research and Engineering, 
John S. Foster, has said that “Presumably this policy when completed 
will be announced to the Nation in some appropriate fashion.”

I think  we have all waited too long. I must also note tha t the 
Pentagon has been most uncooperative in our search for answers. 
They have decided to keep this aspect of our Vietnam policy secret 
from the public and from Congress except for one or two committee 
chairmen.

REC O M M EN D A TIO N S

In light of the potential embarrassment and environmental  hazards  
involved in geophysical warfare, I have three firm recommendations:

First, I recommend tha t all geophysical research and development 
be conducted under open, civilian auspices except disignated defensive 
military applications designed to save lives. Picking up downed pilots 
and fog control at airports would be examples of permitted activities. 
There is no justification for DOD to remain in the business of har
nessing the environment for milit ary use.

Second, I recommend that the United States  rejec t all forms of 
geophysical warfare as of a date  certain and request other nations to 
join in an international trea ty to tha t effect. The model of the  bio
logical agreements could well be followed, including a no first-use 
provision.

Third, I recommend the creation  of a civilian oversight board com
posed of representatives of the  National Academy of Sciences—NAS, 
Environmenta l Protection Agency—EPA, Depa rtment of Defense— 
DOD, Arms Control and Disarmament Agency—ACDA, Department 
of Agriculture, Departmen t of the Interior, Department of Com
merce—NOAA, NASA, Department of State and a non voting repre
senta tive from the United  States Intelligence Board—USIB, to be 
chaired by NAS, to insure tha t all environmental research and opera
tions do not  have covert military applications and to insure the 
divorce of military and civilian scientists studying geophysical 
engineering.
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IN S E R T IO N S  FO R  T H E  RECORD

Mr. Chairman, this concludes my remarks  except to ask tha t mv 
exchange of correspondence with the Department of Defense be 
placed in the record at this point, along with the two excellent articles 
from Science magazine by reporte r Deborah Shapley; and a letter  to 
the President jointly signed by the Federation of American Scientists 
ami the Sierra Club.

Senator Pell. Without objection, they will be placed in the record.
(See appendix, pp. 103 and 108.)

A R T IC L E  BY  MR.  P F E IF F E R  AN D MR.  W E ST IN G

Mr. Gude. I also commend to the committee a recent article ap
pearing in Environment magazine by E. W. Pfeiffer and Arthur H. 
Westing on the “Environmental Impact of Modern Weapons Tech
nology in Southeast Asia.” (See appendix, p. 115.)

Thank you. I apprecia te your consideration.
Senator Pell. Thank you very much for a thoughful and construc

tive statement.
U N JU S T  A CC U SA TIO N S

I was particularly  struck  by the point tha t we can be accused 
unjus tly of engaging in this kind of activity if we don’t open up our 
present activities. We could be accused unjustly, as you pointed out, 
if a plane or vessel happened to be in the proximity of a natural 
disaster somewhere around the world.

S.  R E S . 281  D R A FT  PRO PO SA L AS  W O R K IN G  M ODE L

In connection with your second recommendation to the effect that 
we would join in an international treaty, I was wondering if you had 
a chance to go over Senate Resolution 281 and what your reaction  
was to tha t particu lar draft proposal as a working model.

Mr. Gude. I am strongly  in support of the general thru st of the 
resolution, Senator Pell, and would like to submi t comments point by 
point to your resolution.

Senator Pell. I would welcome those comments as I look at this 
first draf t with improvements made in the use of the word “eschew” 
rath er than “prohibit,” which, I believe, is a legal connotation that is 
preferable. I would hope that before too many years have gone by we 
would see emerging a t the United Nations some trea ty of this sort.

I thank you very much for coming up and giving us your time.
Mr. Gude. Thank you, Senator Pell.
Senator P ell. Thank you, Mr. Gude, very much.
The next witness is Dr. Robert White, Administra tor of the National 

Oceanic and Atmospheric Administration, Departmen t of Com
merce, a friend and individual whom I admire very much.

Would you in troduce your  colleagues?

82-8 92— 72- 5
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STATEMENT OE ROBERT M. WHITE, ADMINISTRATOR, NATIONAL
OCEANIC AND ATMOSPHERIC ADMINISTRATION, DEPARTMENT
OF COMMERCE; ACCOMPANIED BY DONALD MOORE, ASSISTANT
ADMINISTRATOR FOR ENVIRONMENTAL MODIFICATION; AND
JAMES BRENNAN, OFFIC E OF THE GENERAL COUNSEL, NOAA

Mr . W hi te . I ’d be glad to do that , Mr. Chairma n.
On my left I have Donald Moore, our Ass ista nt Adm inistrator, 

Env iron menta l Mod ifica tion ; and on my righ t is James Brennan of 
our General Counsel’ s Office.

I welcom e this opportu nity to appear before your subcommittee 
toda y to discuss the internat ional aspects of weather  modification and 
the possible control of other  geophysic al processes.

There  is no doubt in my  mind tha t we have  only jus t begun to 
develop the potential for huma n bettermen t by  the artif icial modifica
tion of natu ral environm ental processes. Our capa bili ties  for con
sciou sly affect ing environm ental processes are still primitive. Our 
scien tific understanding on which such capab ilities are based is limited. 
Nev ertheless, we have  reached a point where some of our techniques 
are useful.  This is true in the field of weather  control. In other fields, 
such as earthqua ke control, only  the theoretical  possibilities are under 
exam ination. Beca use it  is in the field of weather  control where the 
wid est spread ac tiv ity  is now going on, I would like to focus my 
remarks  on the status in this field.

A B IL IT Y  TO A F F E C T  PR EC IP IT A TIO N  PR O CESS ES

What is the nature of the weath er control capabilities we now 
possess? Alm ost all capa bilit ies are based on the conc ept of seeding 
cloud systems with agents such as silver iodide, dry ice or salt, thereby 
providing nuclei  which affect the precipitation processes.

We now have  the abilit y to disperse cold fog where water droplets  
are below freezing. This techn ology  is widely used at airports around 
the world where cold fog occurs  with some regu lari ty. In the case of 
warm fog, present exper imental techniques have shown some promise, 
but no reliable and practica l warm fog dispersal system now exists. 
Success w ith warm fog dispersion can make  it possible to deal success
ful ly with the remaining airports having significant fog problems.

We now h ave  the a bil ity  to  modify rain or snow in certa in geographi
cal regions and under certa in meteorological conditions. Exper iments 
in Flo rida with tropical cumu lus and with clouds formed on the up- 
slopes of mountains in the West indicate tha t rain can be increased 
in a reasonably pred ictab le wa y when cloud conditions are right . In 
other  typ es of clouds and in other  geographica l locations,  the results 
hav e been mixed and in some cases precipitation appears to have  been 
suppressed when the opposite effect  was intended.

As  we learn more about prec ipita tion processes, we can look forward 
to the time when we can deal  successfully with a broad er range of 
meteorologica l phenomena and over  wide geographical areas. In time, 
we should be able to increa se precipitation in a pred ictab le manner 
for the purposes of increasing  soil moisture, replenishing reservoirs  
and the like. As our know ledge expands we can look forward to the 
time when it will be possible to redis tribute prec ipita tion in order to
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make more efficient use of the moisture reaching the ground. We can 
also visualize the possibility that  one day our science and technology 
may enable us to suppress unwanted precipita tion. One need only 
recall the recent Rapid Ci ty and east coast flood disasters to realize 
the tremendous benefits to be derived from such a capability.

However, the full potential  of precipi tation enhancement, redis
tribu tion and suppression will not be realized until we learn  a great 
deal more than  we know now about the physics and dynamics of 
clouds and cloud systems. Improved nucleation  theory, bett er tech
niques for delivering the seeding agents to the ta rget  area, more accu
rate  and reliable instrumentat ion, carefully designed and controlled field 
experiments and the development of compute r models to simulate 
the actual  microphysical and dynamic changes tha t take place during 
seeding, all are needed before we can say we understand the processes 
involved and can routinely obtain  predictable and beneficial results.

H A IL  AND L IG H T N IN G  S U P P R E S S IO N

Hail and lightning suppression through weather modification is 
showing increasing promise. The Russians and French are obtaining 
results in suppressing hail to  reduce crop damage and our U.S. experi
ments in hail suppression are now maturing. The United States  has 
reported some success with  experiments to reduce forest fires through 
lightning suppression techniques.

M O D IF Y IN G  H U R R IC A N E S  AN D O T H E R  S E V E R E  ST ORM S

We are exploring the possibility of modifying hurricanes and other 
severe storms. Theoretical and experimental work in the last decade 
have placed our approach to these problems on a sound scientific basis 
with encouraging results. In experiments in hurricane Debbie of 
several years ago, the maximum winds in the hurricane eyewall were 
reduced by as much as 30 percent. While this was extremely encourag
ing, many  more such experiments will be necessary to confirm these 
results as a change of this magnitude is within the natural variabi lity 
of hurricanes. The benefits of a successful hurricane moderation capa
bility would be tremendous. Hurricanes, typhoons  and tropical 
cyclones bring devastation by wind, flood-producing rain  and—most 
lethal of all—the storm surge. Hurricane Betsy in 1965 ushered in the 
era of the billion dollar hurricane , causing $1,420,500,000 in proper ty 
damage—slightly exceeded in 1969 by Camille, with $1,420,700,000 
in damage.

In a recent study of hurricane modification, Stanford Research 
Ins titu te estimates benefits of up to $200 million from moderating 
single storms such as Betsy or Camille. No dollar values can be placed 
on the reduction in human suffering th at would also resu lt.

E F F E C T  OF CL OUD S E E D IN G  O U T SID E  SE E D E D  A R EA

Another unknown in weather modification is the effect that  cloud 
seeding may have on weather outside the area undergoing seeding. 
Some preliminary studies indicate tha t such an effect may in fact occur. 
Additional study of this is needed.



64

IN T E R N A T IO N A L  IN T E R E S T  IN  W E A T H E R  M O D IF IC A T IO N

The potential  benefits of weather modification are widely recognized 
in many nations, and work in this field is spreading. The following 
countries have active programs to determine means for increasing 
precipitat ion when and where it is needed: Australia, Brazil, India, 
Israel, Japan, Mexico, the Philippines and the U.S.S.R. Countries 
actively engaged in studying means for dispersing fog include Canada, 
France and the U.S.S.R. Countries having active hail suppression 
research programs include Canada, France, Italy, Japan and the 
U.S.S.R.

Perhaps just  as important , many nations are now actively seeking 
assistance in the use of weather modification techniques to alleviate 
water shortages and reduce hail-induced crop losses. The United States 
has assisted these countries in a variety of ways. We have loaned 
experts who act as consultan ts to the meteorological agencies of the 
countries concerned. These experts study  the climatology of the  area 
and advise on weather modification techniques and field programs. In 
other cases, private U.S. weather modification companies have entered 
into contracts with foreign countries for the purpose of augmenting 
precipita tion and/or suppressing hail. Countries tha t have received 
U.S. assistance or have contracted with the U.S. companies in recent  
years include Afghanistan, Argentina, Brazil, Chile, Cyprus, Ethiopia, 
Iran, Kenya, Libya, the Philippines and Taiwan.

International interest in weather modification is high and growing. 
But such common interest in weather is not new. The nations  of the 
world depend upon one another for weather  da ta. Storms move across 
national  boundaries and all countries depend on one another to be 
forewarned of these events. Weather has been a binding in ternational 
force and traditiona lly i t has been an area of a lmost selfless collabora
tion among nations. To coordinate the internat ional data  exchanges 
and other meteorological activities, the United Nations has established 
the World Meteorological Organization (WMO). The WMO and its 
predecessor organization, the International Meteorological Organiza
tion, date  back to 1873.

N E E D  FO R  IN T E R N A T IO N A L  C O O R D IN A TIO N  AN D CO O PE R A T IO N

Now tha t certain kinds of weather modification are a reality, it is 
possible for actions in one coun try to affect the weather of another. 
The potent ial for conflict is immediately apparent and the need for 
interna tional  coordination and cooperation becomes vital if we are to 
make progress and realize the potential  benefits of this technology. 
Internatio nal cooperation in weather modification is of long-standing. 
The WMO has considered the subject of inte rnational weather modifi
cation for two decades.

The need for international cooperation is illustrated bv Project 
Stormfurv, a program designed to investigate the feasibility of 
reducing the intensi ty of hurricanes . The program is a joint  Dep art
ment of Commerce/Department of Defense endeavor and is co
ordinated with foreign countries in the operating areas by the State 
Department. This program has been in continuous operation in the 
Gulf, Caribbean and Western Atlantic since 1962. We are hopeful of 
moving the experiment to the Pacific in a few years to enable us to
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experiment on more storms and in a larger area. The cooperation of 
countries such as the Philippines, Japan , Taiwan, Korea and the 
Peoples Republic of China will be indispensable to this experiment, 
inasmuch as the typhoons involved in the experiment will probably 
eventual ly enter one or more of these countries.

FO RM S O F IN T E R N A T IO N A L  C O O PE R A T IO N

International cooperation takes many forms. Much of the useful 
exchange is outside governmental channels on a scientist-to-scientist 
basis. It  also results from bilateral and multila teral agreements. A 
good example of the l atte r is the  exchange program with the U.S.S.R. 
On behalf of the  United States , NOAA sponsored an exchange in the 
field of weather modification in 1969 with the Soviet Hydrometeoro
logical Service under the U.S./U .S.S.R . exchange agreement. A six- 
man U.S. delegation visited the Soviet Union for 4 weeks in May of 
1969 and the Soviet delegation returned the visit in the fall of 1969. 
As a follow-up to this exchange, the National Center  for Atmospheric 
Research and the Hydrometeorological Service of the U.S.S.R. are 
exchanging visits this year in the field of hail suppression.

U .S . D E PE N D E N C E  O N  O T H E R  C O U N T R IE S’ C O O PE R A T IO N

I cite these examples to illus trate  tha t the United States  depends 
on the cooperation of other countries for the furtherance of its own 
weather  modification programs. The research and experimentation 
going on in all countries are contribu ting daily to our knowledge of 
weather  modification. This open exchange of information will be 
increasingly important as the science advances worldwide. To insure 
the continued advancement of weather modification research and 
development, and to apply this technology for human benefit, the 
United  States must conduct its civilian programs with maximum 
openness and within the framework of specific safeguards designed to 
protect the interests of the United States  and of other countries.

SE N A T E  R E SO L U T IO N  281

Mr. Chairman, to this point I have focused my remarks exclusively 
on the status and international apsects of weather modification. I 
would now like to turn to Senate Resolution 281. Our views on the 
proposed trea ty have been given by the Department of Sta te. There 
are, however, two points concerning the resolution tha t I  wish to note.

First,  in my view, it is not possible to draw clear distinctions 
between research and technological development on weather  modi
fication for hostile and nonhostile purposes.

The second point I wish to make concerns the state of our knowl
edge regarding environmental and geophysical control. The question 
arises as to whether  we know enough about artificial interference with 
the forces of nature to consider a meaningful trea ty at this time. I 
have already discussed the limited nature of our knowledge of weather 
modification.

We do not fully understand the full impact on the long-term climatic 
changes now taking place in the earth’s atmosphere due to the activities 
of man or as a result of natural causes—for example, volcanoes. We
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know very little about the possibilities of inducing lasting climatic 
change as this knowledge depends to a large extent on research now 
being carried out on the general circulation of the atmosphere  and the 
interac tion between ocean and atmosphere.

As I mentioned earlier, earthquake  control must be considered far 
in the future. A few experiments indicate that it may be possible to 
stimula te small earthquakes along known active faults by injection of 
a fluid under high pressure th rough  a bore hole, but the extrapolation 
of this work to the deliberate release of significant energy by an earth
quake fault  is highly conjectural.

Large-scale modification of the oceans also seems remote at this 
time.

The concept underlying the proposed trea ty is an important one 
that deserves extensive discussion and further study. However, our 
knowledge of environmental control techniques must be further 
advanced before it would be desirable to consider proposal of any 
treaty.

I will be glad to answer any questions you may have.
Senator  P ell. Thank  you very much indeed, Dr. White.
I was very struck  by the sentence in your statement where you 

talked abou t the importance of the openness of the research and 
experimentation going on and the need to cooperate between nations 
in this regard.

D E S IR A B IL IT Y  OF P R O H IB IT IN G  U S E  OF W E A T H E R  M O D IF IC A T IO N  IN  
W A R FA R E

I want to ask you whether you believe it would be desirable to 
prohibit  the use of weather modification in warfare?

I realize tha t you have pu t your views into the Department of 
State as a lead agency and, as you know, they have opposed the 
pressing ahead with my Senate resolution as of now. But I would like 
to put to you the more general question as to whether you believe it  
would be desirable, in our national interest , to prohibit  the use of 
weather  modification in warfare, as a general statem ent, without going 
into the specifics of this treaty?

Mr. White . Mr. Chairman, I would have to defer, on that question, 
to those agencies of the Government that  are responsible for formulat
ing tha t kind of national policy. The decisions as to what  is in the 
general nationa l interest on this ma tter  are the responsibility of the  
Departm ent of State, the Arms Control and Disarmament Agency, 
and the Department of Defense.

Senator Pell. Right. You were not here, I  don’t think, yesterday . 
We had the Departmen t of Defense witness with us and I think in 
my 12 years here I  have never received such a series of replies to the 
effect tha t he couldn’t reply. He said he was under instructions in this 
regard. The thing tha t is so frus trating for this committee is tha t in 
private, executive session we also were told t hat  no comments can be 
made in this field. One is left with the conclusion this is of such para
mount  national  interest, it is so secret, tha t the Congress is not to be 
trusted with it, in closed or open session. The Defense Departm ent 
says it  has informed the four chairmen of the appropriate committees. 
The Foreign Relations Committee is not one. So I am trying to create 
a general viewpoint or a consensus as to what would be best for the 
country,  and really for humanity, as we move on down the road.



67

HA S NOAA CO OP ER AT ED  IN  W EA TH ER MOD IFICAT IO N ACT IV IT IE S IN  
SO UTH EA ST  ASIA?

Going ba ck  to your own age ncy , has  NOA A coopera ted  in weath er 
mo dif ica tion activ itie s in So ut he as t Asia?

Mr . W hit e . N o, sir.
Se na tor  P el l. So you  w ould no t be dir ectly  par t of or cognizant of 

an y opera tio ns  i n th at  par t of th e world?
Mr. W hit e . I have  no knowledge  of an y of the alleged weath er 

mo dif ica tion  act ivi ties in So uthe as t Asia.
Se na tor P el l. Th an k you .

DISC HA RG IN G RES PO NSI BIL IT Y W IT HOUT KN OW LE DG E OF  MILIT AR Y 
OPE RA TI ONS

Do  you th ink th at  in  yo ur  o wn work you  could discha rge  a resp on
sib ilit y effectively when you are in in ternat iona l conferences wi tho ut 
knowledge  of wh ate ver m ili ta ry  opera tions  we are  eng aged in in this 
field? Do  you feel i nh ibi ted ?

Mr. W hit e . Mr . Ch air ma n, I believe th at it  is like ly th a t the  kind 
of pu bl ici ty  th at has  now been giv en to the  alleged opera tio ns  in  Viet
na m will cause difficulties for us in in ter na tio na l conferences w here  we 
are  disc uss ing  meteoro logy. I say this on the bas is of previous ex
per iences  I  pe rson ally  ha ve  ha d in  in ter na tio na l co nfer ences go ing b ack  
a nu mbe r of years.

Fo r example , some ye ars  ago the Soviet Union , on the  bas is of art icles 
or stat em en ts  which h ad appeare d, leveled  acc usa tions th at the U ni ted  
St at es  was planning  the mili ta ry  use of we athe r modifi cat ion . So I 
th in k i t would be fa ir t o say th a t the re is a good c han ce th a t the  kind of 
at te nt io n th a t ha s been  given to thi s problem  in the  press and  othe r
wise will likely  g ive rise  to sim ila r k ind s of s ta temen ts  in i nterna tio na l 
con ferences and  will ma ke it  diff icul t for us.

Ho wev er , 1 shou ld also say  th a t the re is no evid ence to  d ate , on the  
basis  of m y in ter ac tio ns  w ith  othe r countr ies , th a t any of thes e thin gs 
ha ve  in  a ny  w ay imped ed to th is  poin t in  t ime  our  a bil ity  to coopera te 
with  the se  na tio ns  on we athe r modific ation.

Se na to r P ell. We w ere bo th  t ogeth er at  th e S toc kholm  Co nference, 
a real ly  rem ark ab le conference , and, one at  which  I was  very glad  to 
ha ve  b een w ith  you . We saw the dam age  t hat  was d one  t o our posi tion  
by  the various envir onme nta l ac tiv itie s in which  we ha d engaged in 
So uth V ietnam.  1 would th ink it  would be very mu ch t he  same  kind of 
cir cums tan ce  if the  we ath er ac tiv ities  in whi ch we have  engaged be
cam e establ ished.

PR O HIB IT IN G ACTI VIT IE S BEFO RE TH EY  ARE TOO  FA R DE VE LO PE D

Alon g the  same line,  wo uldn ’t it  be a good ide a to ge t a trea ty  pro 
hibi tin g these act ivi ties int o effect before  they  are too  far dev eloped? 
Wh en I worked  on the  Seabe d Di sa rm am en t Tre at y and  we pre 
ve nted  w eapons  of mass d es tru ct ion,  those weapo ns were on the  d raw
ing  bo ards  of the  na tio ns  inv olv ed, the  Sovie t Un ion and our own. 
Th ere  i s evidence from  the exc elle nt arti cles by  Mr. De Si lva  and  M r. 
He rsh  a nd  o the rs in the  p ress  he re th at  we a re engaged i n these ac tiv i
ties in Indochina . The qu es tio n I am pu tti ng  to you is—it  is an iffy
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question—isn’t it better if the weapons are in being to move ahead 
even faster with some kind of prohibition than if they are ju st on the 
drawing board?

Mr. White . Again, Mr. Chairman, I must go back to the point I 
made previously. J do not  feel myself personally qualified to comment 
on the possible military applications of weather modification and their 
implication for a treaty, or for how such trea ty would be drawn. I 
would again say I would have to defer to those agencies of our Govern
ment who have the responsibility for such matters .

Senator Pell. I understand completely and sympathize with your 
position. The problem we face is that the executive branch agencies 
that are responsible decline to inform us and it all seems to move up 
aiid up and up, as we understand it, to the powerful and potent Dr. 
Kissinger, who is the head of the NSC, where these decisions are made.

I believe we will succeed eventually in ventila ting this subject and it 
will become a mat ter of record.

CA U SE  OF R E C E N T  FLO O D S IN  U N IT E D  STA TES

Is there any evidence tha t the North  Vietnamese, the Chinese, or 
the Russians caused the recent floods in our own northe rn United 
States?

Mr. White. None whatsoever. I hope the question, Mr. Chairman, 
is asked in a humorous vein because this was the greatest disaster ever 
to strike the east coast of the United States.

Senator Pell. I am well aware of that .
Mr. White. And there is no shred of evidence of any kind of any

body or group tampering with the weather during this circumstance.

FL OO DS IN  N O R T H  V IE TNAM

Senator Pell. Do you think there is any relationship between the 
disastrous floods a couple of years ago in No rth Vietnam and our own 
activities?

Mr. White. I am not familiar with the details of the flooding there or 
the meteorological circumstances pertaining to them, so I couldn’t 
answer tha t question.

PR O JE C T S U N D E R  MA Y 23  A G R E E M E N T  W IT H  SO V IE T  U N IO N

Senator Pell. You mentioned in your statement a bilateral agree
ment with the Soviet Union dealing with hail suppression. Could you 
fill us in with any other weather modification p roject that would be 
carried out under the autho rity of the agreement tha t was signed by 
the So ne t Union on May 23, 1972? Are there any others?

Mr. White. Well, we have had ra the r extensive cooperation. A lot of 
us have been to their laboratories and have watched their experiments. 
I have been there myself. We have  gained the information that they 
have. In turn  thev have been here.

We are presently cooperating in hail-suppression experiments. This 
is the first time there have been long-term visits and partic ipation by 
scientists of each side in the activities of the other. In tha t sense, be
cause of the long-term nature of the exchange, it differs from the 
previous ones.
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R A PID  CIT Y FL OOD D IS A ST E R

Senator Pell. In connection with the Rapid City  flood disaster, do 
you think there is any relationship with the cloud-seeding experiments 
conducted by the South Dakota School of Science and Technology?

Mr. White. I believe t ha t the analysis tha t I have seen, prepared 
under the direction of the Bureau of Reclamation, and also at the re
quest of the Governor of tha t State, indicates there was no connec
tion between the seeding and tha t flood.

IN C R E A SE D  R A IN FA L L  IN  E V E R G L A D E S PA RK

Senator Pell. When there was some concern with regard to the dry
ing up of the Everglades Park, so near that marvelous installation we 
struggled to get in Rhode Island but which is now in Florida, there 
were some cloud-seeding experiments. I was wondering if there is any 
relationship to these experiments and the increase in rainfall tha t oc
curred there?

Mr. White. Well, that  was a very serious situation . They had a 
severe drought there several seasons ago, and we were requested by 
the Governor of F lorida to extend our experimental work, which had 
been directed at increasing rainfall from cumulus clouds, to see if we 
could not ameliorate the drought. At that time we did conduct a series 
of seeding experiments down there. The results indicate tha t our seed
ing did have some effect in ameliorating some of the drought in local 
areas.

G E T T IN G  R ID  OF CL OUDS OVER A IR PO R T S

Senator Pell. As I understand it, we are now able to get rid of 
clouds over airports if they are in warm droplets but  not if in cold 
droplets?

Mr. White. The reverse is true. If the droplets are below freezing, 
it is possible to get them to crystallize and drop out.

Senator Pell. We have no t yet developed a technique for the other?
Mr. White. There are many experimental techniques being used.

S E E D IN G  SYST EM  ABLE TO  CA U SE  A CID IC  RA IN

Senator Pell. In your statement, you mentioned tha t most cloud 
seeding is conducted with agents such as silver iodide, dry ice, and 
salt. Are you aware of any seeding system tha t can cause acidic rain? 
If so, how* is this done?

Mr. White. Well, I am not aw are of any.
Senator Pell. If there were such a system within the Government, 

would you be aware of it, or could it be developed outside of your 
knowledge?

Mr. White. Mr. Chairman, there are many things going on in the 
Federal Government, of course, tha t are being done without my 
knowledge.

Senator Pell. But  not  in the weather modification field, I would 
hope, which is your area?

Mr. White . I do no t know* all of the activities that are going on in 
the Federal Government in weather modification. I do know all of 
them tha t are unclassified. I  have access to tha t information.

Senator  P ell. Thank you.
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R E Q U IR IN G  FE D E R A L  A G E N C IE S  TO  R E P O R T  W E A T H E R  M O D IF IC A TIO N  
A C T IV IT IE S

This is a  rather technical question. I want to read it carefully so I  
get i t straig ht:

In 1958, the National Science Foundat ion was given authority by 
public law to require all people engaged in weather  modification 
activities  to report  such activities. Ten years later, in 1968, this 
auth ority  was repealed in another law. For 4 years, now, no agency 
or department has such authority. Then a year ago, another law was 
passed that required all people, all persons engaged in nonfederally 
sponsored weather modification activities in the United States  to 
repo rt those activities to the Department of Commerce, to your 
depar tment.

Do you believe that federally sponsored projects should also be 
required to report to a central point; tha t is, you?

Mr. White . The legislation as it was written  and the rules and 
regulations tha t are now being promulgated and are being reviewed 
through the Federal Register, of course, pertain  to non-Federal 
agencies. However, we are taking steps within the Federal Government 
to prepare an Executive order tha t will require Federal agencies to 
repo rt in exactly the same way.

Senator P ell. I than k you very much indeed, Dr. White, and 
apprecia te your coming very much indeed.

Mr. White . Thank you, Mr. Chairman.
Senator  P ell. Our next witness is Dr. Gordon MacDonald, a 

member of the President’s Council on Environmental Quality and the 
author of a chapter in a remarkable book put  ou t by the Viking Press 
called “Unless Peace Comes,” which I was rereading the night before 
last. I must say I think it is probably the first scientific description 
written in terms that a layman like myself can unders tand of what 
could happen if we sta rt fiddling with nature, the atmosphere, geo
physical conditions, too much. I am very grateful for your coming up 
and being willing to testify  at this time.

Do you have a prepared statement?

STA TEM ENT  OF GORDON J.  F. MACDONALD, MEM BER , COUNCIL ON 
ENVIR ON ME NT AL  QUA LITY

Mr. MacDonald. Yes, Mr. Chairman.
I very much apprecia te the opportunity to testify before this sub

committee today on the subject of geophysical warfare, with special 
emphasis on weather modification and the policy problems it presents 
to our country.

Senator P ell. Excuse me for interrupting. I think this would be 
interesting for the sake of the committee record. Without objection, I 
will ask there be placed in the record the chapter you wrote in this 
book on how to wreck the environment, page 181 to page 206. (See 
appendix, p. 124.)

Mr. MacDonald. Thank you. As I  was mentioning, I appreciate  
this opportunity  to discuss geophysical warfare, though I will give 
special emphasis to weathe r modification and the policy problems it 
presents to our country.
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In my own view, it is indeed a hopeful indication of things to come 
that your subcommittee is already addressing itself to this very 
important issue.

Throughout his history, man has lived totally dependent on the 
whims of weather. Impro per rainfall or sudden flood all too often 
brough t extreme privation  and death. Indeed, weather  was so impor
tan t to man as to be a major recipient of his religious attent ion. But  
with the benefit of the pas t 25 years of accumulated knowledge, 
growth of technology and experimentation, we can now look forward 
to managing to a limited bu t important exten t this most significant 
aspect of his environment for the benefit of all mankind.

W H A T  W E A T H E R  M O D IF IC A T IO N  IS

What is weather modification? Briefly, it consists of stimulating 
certain particular meteorological conditions tha t are capable of 
producing desired weather  phenomena or ameliorating undesirable 
ones. Thus, while man cannot d irectly create the weather he wants by 
brute  force, except in such places as the Astrodome, he can in certa in 
circumstances trigger instabilities in the atmosphere to modify existing 
weather conditions, much as a single shout can sometimes trigger an 
avalanche. Research in weathe r modification thus focuses upon 
identifying these meteorological instabilities , learning how they can 
be triggered, and understanding the w’ays they wrork and the results 
they achieve.

C O N D U CT AN D A PPL IC A T IO N  OF W E A T H E R  M O D IF IC A TIO N  R E SEA R C H

Weather modification research is being conducted and applied in a 
variety  of ways. For some time nowr, airports have been cleared of 
supercooled ground fog by seeding the fog with dry ice or silver iodide. 
One airline has estimated that  this procedure has a 5-to-l payoff of 
benefits over costs. By contrast, the artificial generation and main
tenance of ground fog can be used to protect orchards against frost.

Much of the present effort in weather modification today is being 
devoted to the objective of clean water augmentation. We now have 
a substantial amount of experience in unders tanding the meteoro
logical circumstances under which cloud seeding will increase snowpack 
on the mountains. In a very real sense, this is banking winter’s precipi
tation. In the spring the snowpack melts and provides the runoff for 
the river basin area which produces clean water for urban  use, elec
trical power generation, and irrigation. Snow augmentation in the 
Colorado River Basin is est imated to be able to produce an increase 
of about 2 million acre-feet of clean water each year. Clean water 
augmentation can also be done, anywhere that natu re provides the 
potential  in existing cloud systems. Where rainfall is marginal, an 
increase of only 5 percent ra infall at the right  time of year may mean 
the difference between crop failure and a bountiful harves t.

A R E A S OF  R E SE A R C H  N E E D IN G  F U R T H E R  E X PL O R A T IO N

Characte ristic of young and promising areas of human endeavor, 
much more research on weather modification is needed. Hail suppres
sion efforts offer attractive research opportunit ies for example. Ex-
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periments performed in the United States have indicated that  
seeding with silver iodide can measurably reduce hail damage. More 
extensive work is being done by the Sovie t Union where several 
million acres of farmland are being protected from hail damage by 
the use of silver iodide injected into critical parts of storm systems 
by means of artillery shells.

Vitally important research on storms, hurricanes and tornadoes 
that seeks to discover, understand and exploit these storms’ hidden 
instability weaknesses is being conducted at several governmental 
and university laboratories across the country and in other nations.

One particularly important area of research that needs further 
exploration is the modeling of atmospheric processes. Such research is 
now being conducted on cloud droplet growth, fog, rain and hurri
cane models and even in modeling the entire earth’s atmosphere. This 
last effort, now being conducted at UC LA , NOAA, the National 
Center for Atmospheric Research, and other laboratories, is neces
sary if we are to be able to foresee the downstream consequences of 
individual weather modification actions.

K E Y  TO  D ETERM IN IN G  OP TI MUM  N ATIO N AL PO LIC Y

It is this crucial need for more research that is the key  to de
termining the optimum national policy in the area of weather modi
fication over the next several years. The proposed Senate Resolution 
281, a rightful recognition of the importance that weather modifica
tion will have in the years to come, proposes a treaty that would seek 
a complete cessation of research, experimentation and use of environ
mental and geophysical modification activities as weapons of war.

It  is important at this early fertile point in the development of 
beneficial weather modification capabili ty that research in this area be 
as unfettered as possible. Such a capabi lity, as with most other tech
nical achievements, is essentially neutral. Whether one wishes to en
courage rainfall to relieve thirsty croplands or to thwart an enemy 
objective, the techniques used in either event could be almost 
identical. Because the fruits of any given research effort can be ap
plied in many ways, the majority of which are often not discernible at  
the time the research is conducted, the wording of the proposed 
resolution may well have a dampening effect on the conduct and 
funding of further scientific studies. Restrictions on research should 
therefore be weighed very carefully, in view of the potential bene
fits that weather control offers in terms of lives preserved, crops saved 
and damage averted.

Weather modification is one of the most important scientific 
developments now visible on the horizon. If research and applications 
in this field are properly encouraged to d managed, man may soon free 
himself from stoic acceptance of capricious weather and thereby reap 
a bountiful harvest of additional crops, new w’ater resources and a 
safer environment. On the other hand, restricted research and poor 
public management of environmental applications may cause unfore
seen and possibly calamitous consequences. The need for proper and 
public research and management is clear.
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N E E D  FO R  P R IO R  E N V IR O N M E N T A L  A SSE SSM E N T

While 1 firmly believe tha t weather modification projects and re
search should be encouraged and moved forward, I am well aware of 
the need for appropriate  safeguards to protect the environment. Thus, 
1 believe no specific major project to control or modify the weather  
should be done by the United States  for its own benefit or for the 
benefit of other  countries seeking our assistance unless the results of 
our efforts can be foreseen with reasonable assurance. I believe tha t 
the provisions of the National Environmental Policy Act requiring 
the submission of an environmental  impact statement is an appro
priate  mechanism to accomplish the objectives of assessing the en
vironmental implications of a project and of notifying the public of 
its potential effects.

The potential for great  good or grea t evil is contained within almost 
all of m an’s scientific and technological advances. It is the same with  
our efforts to escape from the vagaries of the excesses of uncontrolled 
weather. It is the potentia l for external harm resulting from blind 
pursu it of the good that makes careful environmental  assessment 
prior to the implementation a sine qua non for any extensive weather 
modification program.

I will now be happy to answer any questions tha t you may have.
Senator Pell. Thank you very much, Dr. MacDonald.

PR O G R ESS S IN C E  MR.  M A C D O N A LD ’S A R T IC L E

Senator Pell. In connection with your article, 1 was wondering if 
there are any points in i t you would like to update? As far as 1 know, 
it is the most complete description written  for a layman of what can 
happen when we meddle with the Pandora’s box of geophysical modi
fication, although I must  add my own interest in this was stimulated 
not by what was going on in Indochina but by reading the SMIC 
(Study of Man’s Impact on Climate) report. That shocked me so 
much when I read it I got started on this in terest  in these hearings and 
these other things then fell in place, making me realize the importance 
of what we are t rying to do.

Are there any points you would like to make to bring this up to 
date?

Mr. MacDonald. Mr. Chairman, I think a great deal of progress 
has been made over the past 6 years since that  article was written in 
terms of advancing our technology for modifying the weather. The 
results referred to by Dr. White in terms of seeding tropical cumulus 
clouds, the increase in our knowledge and capabilities of increasing 
snowpack in certain mountainous regions, our increased knowledge 
with regard to the behavior of fogs and increasing knowledge in 
behavior of warmer fogs, specifically, the increased research in hur ri
canes, potential modification of hurricanes—all of these are clear 
advances over the description tha t I gave a few years ago.

Additionally, I would say tha t very substantial advances have 
been made in the areas of earthquake prediction which, in my mind, 
very likely will lead to the possibility that  we might in the future  be 
able to do something about earthquake modification.
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The detailed studies of the Denver earthquake and others have verv 
substantia lly increased our scientific knowledge so tha t I would 
expect tha t in the next few years we will have increased capability 
in the general area of environmental  engineering.

P O S S IB IL IT Y  OF PR O D U C IN G  E A R T H Q U A K E

Senator P ell. Along this line, to simplify it even further for the 
record and for those who are here, would I not he correct in my 
statement tha t if you have a potential opponent who has the mis
fortune to have a cap ital city or resource near one of the major flaws 
in the earth’s surface, tha t by creating strains, irregularities, ex
plosions, many thousands of miles away in another par t of the flaw, 
we could develop a technique tha t would produce an earthquake in 
the enemy’s area without his realizing it?

Mr. MacDonald. As I wrote, this is certainly  a possibility. We 
do not  have today the knowledge, the scientific understanding of the 
mechanism of earthquakes, how earthquakes are produced, to under
take confidently such a projec t; nor do I think does any other country.

I would point out tha t in the recently signed U.S./U.S.S.R. agree
ment, that  one specific area for cooperation in the environment was 
the field of ear thquake prediction. The Soviets have had a very active 
program in earthquake prediction comparable in magnitude and in 
interest to our program. We felt at the time that agreement was 
negotia ted tha t this would be an important area for cooperation.

I would also note that a further area for cooperation agreed upon 
between the Soviets and the United States  was the whole question 
of weather and climate modification. This is included within the 
environmental agreement.

Senator Pell. So, for the sake of argument, if we had another war 
with Japa n, 100 or 50 years from now, p art  of the way tha t war could 
be fought, since both the west coast of America and the east coast of 
Japa n lie along the same flaw, would be for each of us to research very 
hard the creation of earthquakes  in the othe r’s vital areas?

Mr. MacDonald. I think  it is a possibility; it is certainly  a pos
sibility I have speculated on, but  I  would emphasize th at as of today 
neither we nor the Japanese have a capabil ity in hand nor are we 
likely to have i t in hand in the foreseeable future, tha t is, in the next 
couple of decades.

Senator Pell. There is another subject on which I would like to 
get a lit tle more of your thinking.

P O S S IB IL IT Y  OF IN F L U E N C IN G  HU M A N  B E H A V IO R

You mentioned brainwaves—the possibility of being able to change 
the electroimpulses with a harmful or detrimental effect on human 
beings. Could you enlarge on how tha t could be developed and what 
the effect would be?

Mr. MacDonald. I would say this was by far the most speculative 
of the various means tha t one might use in the environment as a 
potential  weapon. The basic notion there was to create, within the 
cavity between the electrically charged ionosphere in the higher part 
of the atmosphere and conducting layers of the surface of the earth,
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this neutral cavity, to create waves, electrical waves, tha t would be 
tuned to the brainwaves; the natural electrical rhyth m of most 
mammalian brains, including man, is around 10 cycles per second, and 
there are indications tha t if you tune in at this frequency, tha t is, 
these low frequencies of about  10 cycles per second, you can produce 
changes in behavioral patterns or in responses.

This is a very highly speculative suggestion. The reason I used it 
in th at particu lar ar ticle was to emphasize the point tha t changes that 
one can bring about in the environment may have very subtle  effects 
tha t are not immediately recognized, tha t even human behavior might 
be influenced through changing the environmental conditions and 
that, of course, is why I used it as an example and wish to emphasize 
the need to really understand what we are undertak ing before we go 
forward with any major environmental modification.

Senator Pell. In view of the rate  of growth of m an’s knowledge, 
particula rly scientific knowledge, these abst ract  ideas of 4 or 5 years 
ago may not be abs trac t when we come to the year 2000, which some of 
us here may have the good or bad fortune to see, depending in par t 
what we do with this trea ty, I think.

Along tha t line, what would be the effect of brainwaves on human 
beings? You have described them in your book as having unpleasant 
effects. W hat would be the form of unpleasantness?

I realize this is a little esoteric. I am not trying to embarrass you, 
but I want to make a record here which, if somebody is looking a t it 
in the year 2000 or 1990, makes some sense.

Mr. MacDonald. As I mentioned, the primitive experimentation 
conducted primarily on primates in a number of centers would in
dicate tha t their actual behavioral character istics are altered; their 
responses undergo changes; they do not respond as rapidly when you 
are tuned in at the proper frequency as if the subject  is not exposed 
to some electrical activity; but as I emphasize in my statem ent and 
also in the book, this is indeed a very highly speculative subject.

PR O B LE M  OF N O T  K N O W IN G  W H A T CA N B E D O N E  COVER TL Y

Senator Pell. Right, bu t one of the problems with this, as with all 
forms of weather modification, is tha t one does not know what can 
be done covertly. T hat  is why I asked the seemingly facetious question 
if the  Soviets, the Chinese and North  Vietnamese had anything to do 
with our disastrous east coast floods. Even if they had, we wouldn’t 
know about it. Tha t is the point here.

CO N CER N  O V ER P R O H IB IT IO N  OF  R E SE A R C H

Along this same line, I found your state men t really very, very 
forthcoming and interesting, but I also understand your concern over 
the prohibition of research. This point was brought up yesterday  by 
the executive branch witness, too. I think this is one of the modifica
tions I must make in my treaty.

As I said, this is the first d raft and I think it would be improved if 
we modify it  in this regard.
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E SC H E W IN G  U S E  OF W E A T H E R  M O D IF IC A TIO N  IN  W A R FA R E

If the treaty  is modified in this regard, what would be your view 
with regard to the general substance of the resolution, tha t is, eschewing of the use of weather modification in warfare?

Mr. MacDonald. Mr. Chairman,  as a member of the executive, I 
would have to defer an answer to tha t question to the responsible 
agencies, the Department of Defense, the Department of S tate and ACDA.

Senator PE L L- I understand tha t. I do not wish to embarrass you. The villain here, 1 think, is really DOD and NSC.
R E V IE W  AN D CL EA R A N C E  OF  W IT N E S S ’ T ESTIM O N Y

In this regard, has your testimony been reviewed and cleared bv the NSC?
Mr. MacDonald. Yes, sir.

R E STR IC TIO N S PLA C ED  U PON W IT N E S S

Senator P ell. Have any res trictions  been placed on you?Mr. MacDonald. Yes, sir.
Senator Pell. Thank you very much.

DO D SH A R IN G  OF R E SE A R C H  AN D O PER A TIO N  R E SU L T S

Does DOD share with the scientific community the results of either its research or operation of weather modification activities around the world?
I am not  trying to mousetrap you. Tha t includes Indochina.
Mr. MacDonald. The unclassified portions of the Departmen t of 

Defense activities are indeed shared with other nations. They are 
shared with other agencies of Government through the mechanism 
of the Interdepartm ental Committee on Atmospheric Sciences. I am 
not privy to any classified work tha t the Department may have underway or not have underway.

Senator Pell. Would the scientific community be aware of what the defense community is doing in this area in a classified way?
Mr. MacDonald. Certainly the scientific community, unless they 

had the proper clearances and the need to know, as determined by the 
Department of Defense, members of the  scientific community would be unaware of any classified activities.

Senator P ell. This is a question of opinion tha t I am wondering if 
it would be within your terms of guidance to respond to us.
D E SIR A B IL IT Y  OF  M IL IT A RY  A C T IV IT IE S  W IT H O U T  C IV IL IA N  O V ERSIG H T

As a civilian scientist, do you believe it is desirable or undesirable to have the military community engage in research, field experiments, 
weather modification operations, without  the benefit of the scrutiny or oversight of civilian scientists?

Mr. MacD onald. Well, the situat ion today certainly in terms of 
the unclassified activities undertaken by the Departmen t of Defense is that this research is open to public scrutiny, to comment, to review.
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Science tha t undertook an overall study of weather modification efforts 
and we looked at what the Departmen t of Defense had underway, 
looked at it critically, again in the unclassified area.

Senator Pell. But my basic question is addressed to you in your 
civilian role. In other words, do you think it is a good idea for the 
military, in classified or nonclassified areas, to engage in such activi ties 
withou t civilian oversight of nongovernment employed scientists? 
It  is a question of opinion 1 am asking.

Mr. MacDonald. My opinion is that  the unclassified work is being 
subjected to scrutiny of outside scientists.

Senator Pell. With tha t I agree. Is i t your opinion that it is proper 
for the classified work to be conducted without outside scientists 
exercising some oversight over it?

Mr. M acDonald. Again, since it is an iffy question, it would involve 
judgments as to the military applicability of whether  outside scientists 
would have competency in this area. I t would be an open question and 
I could not honestly and truth fully  give you a blank yes or no answer 
to tha t. I think it is a very difficult question and I think  one the 
Defense Departmen t should be particularly concerned about.

R E C E N T  NSC  ST UDY

Senator Pell. Has the Council on Environmenta l Quality been 
involved in the recent NSC stud y on these subjects?

Mr. MacDonald. No.
Senator Pell. Do you happen to know if the Environmental Pro

tection Agency was involved?
Mr. M acDonald. T o my knowledge, they were not  involved. 

S H IF T IN G  earth’s A X IS

Senator  Pell. Going back to the techniques tha t could be used, 
because p art  of the purpose of this hearing is to inform our people of 
the various measures tha t could be used, Jules Verne first wrote and 
Estes Kefauver later discovered the question of trying to shift the 
ear th’s axis, which would have a deleterious effect on many of us in 
this par t of the world and a beneficial effect on some of the more 
tropical climates. Is this, in your view inconceivable to be done by man 
or could it be done by man?

Mr. M acDonald. I t ju st so happens t ha t Walter Monk and I wrote 
a book abou t a decade ago called “Rotation of the E art h,” in which we 
used as one of the examples Jules Verne and Senator  Kefauver’s 
suggestion, and pointed out the fact tha t both Verne and Senator 
Kefauver had forgotten abou t the earth’s bulge, the equatoria l bulge 
which exerts a great stability to  the ea rth’s rotational axis. As a result, 
we certain ly do not possess the capability today of producing large 
shifts in the position of the axis of rotation of the earth.

areas of concern for future

Senator Pell. So the real weapons th at we’re ta lking about, which 
I for one want to see precluded from man’s arsenal, would be dealing 
with precipitation, melting of the ice cap, creation of earthquakes ,
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stimuli under water and, finally, conceivably, the question of some 
kind of electrical waves—those four general thrusts.

Do you see any other possible developments in this field of weather 
modification, geophysical modification, tha t we ought to be concerned 
about in the future?

Mr. MacDonald. I think those four general areas cover the field 
well. Again, in my article I referred to a number of others on which 
rather substantial research is now being conducted, tha t is, changing 
the ozone balance of the stra tosphere.

Senator P ell. We were doing this thanks to the SST now.
Mr. M acDonald. As a result of the interest in the SST, we now have 

a very vigorous research program to determine the mechanisms by 
which ozones can be depleted or increased within the stratosphere; 
so I  think if you add modification of tha t part  of the atmosphere to 
our list, it would be a comprehensive list at the present time.

D E C R E A SIN G  OZO N E IN  A T M O SPH E R E

Senator  P ell. I read somewhere tha t the ozone in the atmosphere 
is being depleted at the rate of .02 percent a year. That would mean, 
with the proposed use of the SST in the defenses of Russia and 
America, that we will eventually  deplete the atmosphere of ozone. 
Would t ha t not be correct?

Mr. MacD onald. Again, I would just be on very unsure technical 
grounds to comment on whether the ozone is indeed decreasing at the 
present time. I know of reports tha t ozone levels have been decreasing. 
Based on our instrumentation  capabilities of determining the levels 
of ozone in the stratosphere , the variabili ty of ozone, and the abun
dance of ozone, I would seriously question tha t there is at the present 
time any long-term trend.

What I  find heartening is tha t even though we do not  have a super
sonic transpor t program underway in this country,  we do have an 
extensive research program to find out what the atmospheric effects 
of SST’s on the high atmosphere will be.

REA SO N  FO R CH A N G E IN  OZO NE C O N TE N T

Senator  Case. To the extent tha t there is a change or depletion of 
ozone, is it established or reasonably established tha t it is due to 
flights by  airplanes and other activities of man or not? Or is it  due to 
some othe r cause, if it exists?

Mr. MacDonald. In my view, there is no convincing evidence th at 
any postula ted change in the ozone content  is due to man’s activi ty 
at present.

predicament of congress

Senator P ell. I have one final, general query.
Do you have any thoughts as to the predicament in which we in 

the Congress find ourselves? You are a scientist and a pioneer in this 
book in calling atten tion to the political dangers in this area. We are 
Senators also concerned about  the impact of weather modification 
eventual ly on our own consti tuents. How can we, the Congress, ad
dress ourselves intelligently to this subject, if knowledgeable Govern
ment scientists as yourself have to speak out under the wraps tha t 
you do? I t puts us in a terrible predicament.
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Do you have any suggestion as an American citizen how the Con
gress can become more informed in this field?

Mr. MacDonald. I certainly don’t have a suggestion at this time. 
I very clearly understand the problem t ha t you labor under. In par t, 
for this reason I emphasize the importance of the National Envi ron
mental Policy Act in my s tatement, that this is a mechanism to bring 
to the public’s attention the environmental implications of new 
technology.

We in the Council on Environm ental Quality believe th at it  is very 
important tha t weather mollification projects undertaken by the 
United States undergo the kind of environmental assessment as re
quired by the National Environmenta l Policy Act, and tha t these 
assessments be made public.

Senator Pell. Perhaps this will come out of the little  secretariat 
tha t is being developed out of the Stockholm Conference eventually. 
I think we can only hope tha t will happen.

That is all I  have.
Senator Case?
Senator Case. Thank you, Mr. Chairman. I think you and Dr. 

MacDonald have covered this beautifully.
First, I would like to say tha t there is scarcely anybody I know of 

downtown in whom I have greater confidence than  Dr. MacDonald 
as a result of very direct personal connections with his work and his 
help in certain mat ters  affecting my own State , such as Tocks 
Island -----

Mr. MacDonald. Thank you.
P U T T IN G  W R A PS ON  W IT N E S S

Senator C ase (continuing). And other problems of a similar nature .
1 was interested  in your very frank answer tha t you were under 

wraps. Who pu t the wraps on?
Mr. MacDonald. Senator-----
Senator Case. How was i t done?
Mr. MacDonald. The typical process of preparing tes timony. The 

individual agencies prepare drafts; these drafts are then circulated to 
other interested agencies for comment. In this case, the clearance 
process was handled by the Office of Management and Budget in 
consultations with the National Security Council. This is not unusual. 
Every time I have testified as a witness for the adminis tration, I 
have gone through a similar clearance process.

Senator Case. Well, I was interested in particular as far as the 
National Security Council’s role was concerned. They didn’t talk to 
you directly?

Mr. MacDonald. Members of the Security Council were in contact 
with me directly; yes, sir.

Senator Case. This is interesting because recently the question 
has come up as to a comparable agency, recently created or abou t to 
be created by sta tute, and in the President’s office, in the field of 
international economic policy. The question of whether this is an 
operating agency or staff for the Presiden t solely is what I am inter
ested in, and in either case, of course, whether it interposes another 
layer of insulation between the decisionmaking process and the 
Congress, and the Congress and the public. That is why I asked the 
question.
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It  isn’t strange  tha t the Office of Management and Budget should 
transmit an executive decision, a departmental decision, to everybody, 
I think.

I think, Mr. Chairman, I don’t have any further questions at the 
moment.

Senator P ell. Thank you.
Thank you very much, indeed, Mr. MacDonald. Perhaps someday 

when you are tr anslated into a civilian we may again have renewal of 
our dialog here and develop furth er the imagination showed in your 
book.

Mr. MacDonald. Thank you very much, Mr. Chairman.
Senator  P ell. Thank  you very, very much indeed for coming.
Our next witness is Dr. Thomas Malone, who is dean of the graduate 

school, University  of Connecticut, member of the National Science 
Founda tion (NSF) Special Commission on Weather  Modification, 
and extremely knowledgeable in this area.

Dr. Malone?

STA TEM ENT  OF THOMAS F. MALONE, DEAN, GRADU ATE SCHOOL,
UN IV ER SITY  OF CONNECTICUT, MEM BER, NSF SPE CIA L COMMIS
SION ON WEA TH ER  MO DIFICATION

Mr. Malone. Thank  you, Mr. Chairman and Senator Case.
It  seems to me that  answers to three questions are required to 

comment constructively on Senate Resolution 281: (1) Has the science 
and technology of weather modification advanced to the stage at 
which major issues of national policy are beginning to emerge? (2) Are 
critical issues of foreign policy involved? (3) Are the trea ty provisions 
of Senate Resolution 281 responsive to the  problems and opportunit ies 
presented by developments in the field of weather modification?

D E V EL O PM E N TS O V E R  R E C E N T  Y EA RS

Five developments over recent years lead me to the judgment tha t 
the answer to  the first question is in the affirmative:

1. Understanding of the physical processes in the atmosphere tha t 
link one day’s weather with the weather on a subsequent day has now 
progressed to the point at which these processes can be expressed in 
equations that constitute meaningful mathematical models. These 
models are increasingly useful in prediction and in simulation, per
mitting us to seek answers to “what if?” questions.

2. Modern measurement technology, ranging from meteorological 
satellites for global measurements to Doppler radar for ascertaining 
some of the relevant physical characteristics of a single cloud, is 
bringing within reach the kind of observations we need to make sure 
tha t our mathematical models approximate the real atmosphere.

3. Advances in computer technology are matching the growing 
sophistication and complexity of the models and greatly enhancing 
the powers of these new analytical tools.

4. The accumulating results of field experiments with cloud-seeding 
techniques have yielded results tha t, while not rigorously conclusive 
in all cases, are yearly becoming more persuasive tha t significant 
weather control is within reach.
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5. There is a growing awareness tha t a doubling time on the order 
of a decade or so for population, energy use, and the capabi lity to 
convert natura l resources into goods and services may well be leading 
us to a situation in which human activ ity impacts with sufficient 
force on the atmosphere  to produce inadverten t climate modification.

NEW IMPERATIVES IN FOREIGN POLICY

With respect to new imperatives in foreign policy, one of the most 
prescient comments made was in 1955 by Prof. John von Neuman, 
cited by Senator Pell in introducing this resolution, in which von 
Neuman remarked on the need “to develop new political forms and 
procedures” when “global climate control becomes possible.”

I well recall a small meeting convened by Prof. Bruno Rossi of 
MIT in 1961 at the suggestion of the President’s Science Adviser to 
consider scientific initiatives tha t would foster closer cooperation 
among the nations  of the world. It  was precisely the prospect tha t 
man might one day be able to control weather th at catalyzed the grouo 
and ultimately  led to President Kennedy’s proposal to the United 
Nations  for initiation of a far-ranging world meteorological program 
tha t is even now acquiring structure  and gaining momentum. I sought 
to reflect the views of the community of atmospheric scientists in this 
country in a keynote address a t an International Conference on (  loud 
Physics in Canberra, Austrialia, when I urged strengthening and unify
ing international cooperation in atmospheric sciences, adding th at “we 
must recognize the wisdom and pruaence of fostering internationa l 
cooperation while the  problem of weather control is a purely scientific 
one of uncertain outcome. Should this outcome be affirmative, a 
Pand ora’s box of scientific and political problems would be opened. 
Much could be gained; little would be lost by  forging the links among 
scientists and nations that would better prepare us for the stresses 
and strains tha t we dare not exclude as a possibility. One cannot 
view with equanimity several unilateral crash programs to achieve 
weather control nor extended conferences at Geneva in attempts to 
resolve differences.

REPORT OF SPECIAL COMMISSION ON WELFARE MODIFICATION

This mat ter was explored in grea ter depth by a special commission 
on weather modification, authorized by the National Science Board 
in late 1963, which issued its report  in December 1965. The relevant 
par t of tha t report follows:

The program of research requ ired  to develop the  capabil ity to modify weather 
and climate suggest  a stro ng emphas is upon internatio nal  cooperation. The  ex
tens ive and  s ignificant work th at  is being done in other countries underscores the 
need for promoting  the  internatio nal  exchange of da ta and research findings for 
the  purpose of maximizing the ir usefulness. The  need for internatio nal  co llabora
tion in the actu al planning  a nd  conduct of research activities may  be expec ted to 
increase as research  moves ou t of the labora tory and  into  the  realm of field ex
periments a ssocia ted with  th e stu dy  of the dynamics of climate, the e stab lish ment 
of a  global weather obse rvation  network and the  investiga tion of o ther  a spec ts of 
the general atmospheric circulation . The technological and  human resources 
required for the  conduct of thi s typ e of research are far beyond the  capabil ity of 
most countries to provide individually.

Looking  into  the  future  to  the  time when field experiments with wea ther  or 
clima te modification are expanded  in scope and  number and  involve actual  at -



82temp ts to introduce changes in the atmosph ere, some form of internatio nal collabor ation  will be essential in the p lanning and execution of projects that  may have an effect not  only upon the immediate localitie s but  on areas in other countries and even upon other continents dist ant  from the scene of work. It  is possible tha t situations  of this sort may arise in the  near future  if an expande d program of field experiments in cloud seeding is under taken in areas near the northern or southern borders of the United  States . An  expansion in exp erimentation with tropical hurricanes ma y also present inte rnationa l complicatio ns.In  the present stage of world affairs, any scientific adva nce cont ribut ing signifi can tly to man ’s abili ty to affect  the natu ral environmen t ine vita bly  has a bearing upon the politica l relations among nations  and the quest for peace and secu rity . The importan ce to milit ary operations  of a cap abil ity for modifying  weather conditio ns is obvious. It  must  be recognized th at  there is a remote possibil ity  that  sometime in the future a natio n migh t develop the cap abi lity  to use weather modif ication  to inflict  damage on the economy and  civi l population  of anoth er country .It  is essent ial to develop the pol itica l and social controls over the  use of this power which will maximize the opportunities  for its const ructiv e and peaceful use an d minimiz e the factors which tend  t o involve it in the tensions and  conflicts inherent in h uman  soc iety. The c hallenge a nd the op portu nity  which are presented to the world comm unity  b y the prospect of man’s achieving a power to modif y his atmos pheric  environment is one of the most excitin g long-ran ge aspects  of the sub ject .Thought  must  be given to the type s of intern ational organ izatio ns tha t will be needed and  the functions they  shou ld perform, if and when maj or operat ions in weather and climate  modification affecting large continental areas become feasi ble. Wheth er the assignme nt of operat ional responsibility to an inte rnationa l agenc y shou ld be considered for the future deserves thou ght even at  this early date. Cons idera tion might be given to new concepts of internatio nal organization and to the  new problems of a tech nica l or politica l nature tha t mig ht be precipitated .The very  fac t tha t the development of a capability for influencing the atmospheric envir onme nt is still in its infa ncy  s hould  widen the oppo rtunity presented by  this scientific endeavor to develop attitu des and pattern s of collabora tion which can contr ibute  not only to the achiev ement  of the practical , technological goals, bu t also to th e relaxation o f interna tiona l tensions.Rarely has a more ample and invitin g oppo rtunity been afforded for advan ce thin king  and plann ing regarding the imp act of a techno logical develop ment upon inte rnation al relation s. Progress in the diminu tion of international tensions and the achie vement of peace will come not so much from the dram atic resolution of basic inte rnat iona l controversies as from the far less spectacular widening of areas of mu tua l interest  among rival nations  and from the growth  in ways of cooperation. The  field of weather and climate modification can serve well in this regard, in addition  to realizing benefits  of a more limite d practical natu re.The Comm ission  believes tha t:(1) It  would be highly  desirable for the Gove rnme nt of the Un ited States , in connection with the expansion of its program of weather a nd climate modific ation, to issue a  basic statem ent of its views on the relationship of this natio nal effort to the interests,  hopes and possible apprehensions of the rest of the world. Ear ly enun ciation of nation al polic y embodyi ng two main points are recommended: (a) tha t it is the purpose of the Un ited States, with normal and due regard to its own basic interests,  to pursue its efforts  in weather and climate  modific ation for peaceful ends and for the const ructive improvement of conditions of human life throu ghou t the world; and (b) that  the Unite d Stat es, recognizin g the interests and concerns of other countries , welcomes and solicits their cooperation , directly  and through international arrang ements , for the mutu al achiev ement of human well-being.This cooperation should cover both  research and, ulti mat ely,  operational programs of interest to other countrie s. It  should be concerned not only with deliberate,  but  also inadv erten t hum an interventions in the atmosphere tha t affect weather and climate. Such a policy  declaration could be issued by the Presiden t or appropriately incorporated in any basic legislation  on the subject of weather modification which the Congress may  enac t.(2) Steps should be taken  by  the United States, in concert with other nations, to explore the internat ional inst itut iona l mechanisms tha t may be appropriate to foster international cooperation and cope with the problems which may  be
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anticipa ted in the  field of weather and  climate modification. The United  Nat ions 
and  its specialized agencies—for example, the  World Meteorological Organization— 
is suggested  as a possible intergovernm enta l framew ork. The Intern ational 
Council of Scientific Unions and its associated unions—for example, the  In te r
natio nal Union of Geodesy and  Geophysics—could be a  suitable  nongovernmen tal 
framework for these  mechanisms.

(3) A major limitat ion affecting both advanced  and developing countries is the  
shortage of trained  personnel in atmospheric sciences at  all levels. Att ent ion  
should  be given to the  question of how grea ter emphasis can be given to atm os
pheric sciences in exist ing bilateral and  mulitla tera l programs of educ ation  and  
technical cooperation,  and  to what add itional measures may be needed to fill 
this  deficiency.

* (4) Encouragement should be given to research on the  impact of wea ther  
modifica tion measures  in foreign count ries. The need has been previously discussed 
for grea ter att en tio n to the biological, economic and  social aspects of wea ther  
modifica tion in the  United  States. A different set of problems may  well be en
countered in many of the  developing countries where the  nat ura l environ men t

•* and  pat terns of economic and  social life present con tras ts to those preva iling  in
this country. A greater significance of these  differences m ust precede any  a tte mpt  
to eva luate  the  sui tabi lity  of various  wea ther  and  climate modifica tion practices 
for specific foreign areas and  to design app rop ria te programs of cooperation.

1965 REPO RT OF  CO MMITTE E OF  AT MOS PH ER IC SC IE NCES

That these views were shared by atmospheric scientists of other  
countries was indicated in the 1965 repo rt of the Committee on 
Atmospheric Sciences established under the joint aegis of the Inter 
national Union of Geodesy and Geophysics and the Internat iona l 
Council of Scientific Unions:

A prerequisite  for the  scientific explorat ion of large-scale climate  modifica tion 
is the ability to assess the  probable consequence of conscious int ervention in n atu ral  
wea ther  processes. Globa l dynamic modeling techniques, to which reference has 
already been made,  are  a powerful tool with  which to assess these consequences 
and  to design scientif ically meaningful exper iments to be conducted in the atm os
phere. At th e m oment, the  use of mathemat ical  models  for the purpose is seriously  
hampered by precise ly the obstacles this program is intended to remove. Any 
contribution to an underst and ing  of the scientific possibilities and limi tations  of 
large-scale clima te modification could be of great importance. Moreover, it  is 
highly  desirable  th at  such studies proceed as an internatio nal  cooperative effort.

VI EW S OF  ME TE OR OL OG ISTS  IN  OT HE R CO UNT RI ES

Meteorologists in other countries share this view. The head of the
* Soviet Hydrometeorological Sendee wrote in the World Meteorological 

Organization Bulle tin in 1967:
It  is not  difficult to  und ers tand th at  the  problem of transform ing the  clima te 

on a world or regional scale is, by its very  natu re, an international one, requ iring
■» the  united efforts and  the  coordination of the activitie s of all countr ies. Ever

more rapidly huma nity is approaching  the  stage in its symbiosis with  nature , 
when it can turn  to practical account all the  nat ura l resources of t he  Ea rth  and  
when, as a resu lt, it will become capable  of thinking in term s of na tur al phenomena 
on a planeta ry scale . . .  It  is hardly necessary to prove  that,  in these  circum
stances, all mankind should regard itself as a single whole in relat ion to the  sur 
rounding world. There is no other way.

In a report on “The Atmospheric Sciences and Man ’s Needs— 
Priorities for the Fu tur e,” published in 1971, the Committee on Atmos
pheric Sciences of the National Academy of Sciences recommended 
that  “in order to safeguard the life-sustaining properties  of the atmos
phere for the common benefit of mankind, the U.S. Government is 
urged to present for adoption by the  United Nat ions General Assembly
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a resolution dedicating all weather-modification efforts to peaceful 
purposes and establishing, preferably within the framework of in ter
nationa l nongovernmental scientific organizations, an advisory mecha
nism for consideration of weather-modification problems of potent ial 
internationa l concern before they reach critical levels.”

Particularly notable was the view of 30 scientists  from 14 countries 
gathered in Stockholm, Sweden, during the summer of 1971 to Study 
Man’s Impact on Climate—SMIC—under the sponsorship of the 
Massachusetts Inst itute of Technology. Their report included this 
passage:

We have a conviction th at  man kind  can influence the  climate, especially if he 
proceeds at  the present accelerating pace. We hope th at  the  rat e of progress of 
our  underst and ing can match  the  growing urgency of tak ing  action before some 
devas tat ing  forces are set in motion, forces t ha t we may be powerless to reverse. 
Fortunat ely , the atmosphere-ocean  system  seems to be sufficiently ponderous and 
to possess enough iner tia so t ha t we probab ly have time to obtain  a much b ett er 
und ers tanding before serious changes occur, bu t we must' certainly devote  more 
effort to the  task  tha n it has received in the past. Unfortunate ly, the  machinery 
throug h which effective internatio nal  action could be tak en is also ponderous; in 
fact, in some cases we shall first ha ve to i nvent such machinery, and  th is may tak e 
some time, too.

SMIC went on to recommend:
Th at an internat iona l agre eme nt be sought to preven t large-scale—directly  

affecting  over 1 million squa re kilometers—experiments in persistent  or long-term 
clima te modification unti l the  scientific comm unity  reaches a consensus on the 
consequences of the modification.

Even such a skeptic as Prof. Jerzy Neyman had a change of heart 
in 1970 and in the “Review of the Internatio nal Statist ical Ins titu 
tion ,” volume 3S, No. 1, lent his name to an article which made the 
point:

Hav ing had contact with rain stimulat ion since 1951 (1) and  aft er becoming 
thoroughly disillusioned in 1960, we changed our minds when, in 1964, we became 
acq uainted with the seven annual repo rts on the Swiss hail-suppress ion experim ent 
Grossversuch II I (2). This excellent experiment indicated to us that , after all, 
there is something  reasonable in the  prospect of being able to stim ula te rain by 
cloud seeding . . .

And it went on to express conviction th a t:
Because of the importance of wea ther  modification in a great num ber  of coun

tries, an inte rna tion al ef fort to  adv ance the knowledge and to build up the relev ant 
technology is clearly indicated.

ST R E N G T H S AN D W E A K N E S S E S  OF S E N A T E  R E SO L U T IO N  281

These viewpoints have been culled from the literatu re to drive home 
the point tha t scientists concerned with this mat ter have been keenly 
aware of its internat ional implications for more than  a decade end 
have been urging the kind of act ion which is beginning to take shape 
in Senate Resolution 281. This, then, brings us to our third question: 
What are the strengths and weaknesses of Senate Resolution 281? 
Firs t, let me say, Senator Pell, tha t I am delighted you are exercising 
this initiative and I encourage you to continue with the effort to do 
in this area what you did so favorably in stimulating ac tion toward a 
trea ty concerned with the implementat ion of weapons of mass destruc
tion on the ocean floor.

Since I cannot pose as an expert in international jurisprudence, it 
would be inappropriate to attem pt editing of the proposed treaty. I
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would, however, suggest tha t consideration be given to the following 
points:

1. An agreement “eschewing the hostile use of any environmental 
or geophysical modification” is more specific and likely to accomplish 
our ends than a simple prohibition of these activities as a weapon of 
war. It  would permit clearings of supercooled fog over an Air Force 
base but would prohibit use of rain augmentation to harass an ad
versary  by degrading soil trafficability or  disrupting the normal hydro- 
logic cycle.

2. I do not think military research should be explicitly prohibited 
because (a) it is almost impossible to differentiate between research 
directed at beneficial use and research directed at fashioning geo
physical weaponry: (6) our national civilian effort in this field would 
be seriously disrupted because we freely intermingle military and 
civilian resources; and (c) our military forces must have expert scien
tific competence to fulfill their role in providing national  security.

3. A trea ty “eschewing the hostile use of environmental modifica
tion” would acquire an entirely new dimension as an imaginative 
application of emerging science and technology in fashioning foreign 
policy if it were coupled to a strong recommendation urging inte r
national cooperation along the lines suggested by the several groups, 
national and interna tional , which have studied this problem over the 
past  several years. For example, the National Academy of Sciences 
has pointed out a need for a strongly interdiscip linary laboratory 
with an explicit mission of developing the scientific and technical 
capabi lity to minimize present ambiguity in attempts at weather 
modification. Such an ins titu te might well be internationalized. In 
my view, the time is propitious to take such a step. Scientists of 
different nations working side by side at a research institute would 
be, in my judgment, an effective and desirable alterna tive to placing 
all research activities in the public domain, a step tha t might prove 
difficult in the present sta te of international tensions.

4. Finally, I would respectfully differ with some of my colleagues 
who feel tha t our knowledge base is inadequate to initiate the steps 
leading to a trea ty of the kind you propose. We can see the things 
tha t have to be done to close the knowledge gaps and every fiber of 
my being strengthens my conviction that now, before we get any 
further,  is the time to reach interna tional understanding.

A D D IT IO N A L P O IN T S

In closing, I would like to make three additional points:
1. In a broad sense, the issue we are discussing today is simply 

one manifestation of impact on science, technology, and world affairs. 
Scientists are particu larly sensitive tha t these advances be used for 
the betterment of mankind ra ther than to exacerbate conflict. Here is 
an opportunity  to make one of those small, correct decisions tha t 
John  von Neuman told us would be necessary if society is to survive 
technology.

2. We must stand away from the small ephemeral advantages the 
use of an emerging capabi lity in weather modification might provide 
us in a world trouble spot and assess the long-term costs and benefits. 
As one who has traveled to many countries over the last few years, I 
am satisfied th at our national interes t will best be served if we adopt
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as a policy a role of leadership in exploring beneficial uses of weather 
modification and protect ourselves against deleterious effects of inad
vertent climate modification. We have a good foundation in the global 
atmospheric research program on which to build. It  would be a tragedy 
if progress along these lines made during the sixties were to be irretriev
ably lost during the seventies.

3. If we are to adapt to the kind of world in which we are going to 
find ourselves during the nex t century, we should pay heed to the basis 
for rationali ty described by the philosopher, Emmanuel Kan t, in his 
book “The Crit ique of Pure Reason,” published almost 200 years ago, 
in which he s aid : f

. . . t he  whole in ter es t of reason, specula tiv e as well as practical,  is cente red  in 
the three following q ues tions:  (1) W ha t can  I know? (2) W ha t ou gh t I  to do? (3)
W ha t m ay  I  hope?

Today you are raising the question: What  ought we to do? I  hope 
tha t our decision will be the moral and wise one.

Thank you, Senator Case. T ha t is the end of my testimony.
Senator Case (presiding). Thank you very much.

DEFENSE  DEPARTMENT FUNDING OF UNIVERSITY RESEARCH

Have you any comments on the question of Defense Department 
funding of univers ity research in this area and have you any experience 
with i t in your school?

Mr. Malone. Yes, sir; it has over the years, I think, been quite help
ful in adding to our fund of knowledge. vPhe shift toward support by a 
civilian agency, specifically the National Science Foundat ion, I think 
is a desirable one.

Senator Case. For what reason?
Mr. Malone. Because there is a growing awareness tha t the kinds 

of capabilities tha t we have mean tha t we have to fashion a different 
kind of world, one in which the milita ry forces are not  the dominating, 
activat ing mechanism, and I think tha t the search for new knowledge 
is not always compatible with the kind of classification which is some
times at tendan t on certain mili tary  programs.

Senator  C ase. There is some inhibiting  effect from that  particular 
kind of relationship.

•
DEALING WITH COUNTRIES BEHIND IRON CURTAIN

On the other side of the coin, in  your suggestion of inte rnational ef
forts in this research field, have you any experience, a judgment, as to 
the possibility of dealing, for example, with countries behind the I ron 
Curtain on a sound basis?

Mr. Malone. Yes, sir, I have;  and I am encouraged that  i t is pos
sible to do this. We are embarked upon this now in the global at
mospheric research program, and in 1974  it is planned that ships and 
aircra ft from countries on both sides of the Iron  C urta in will gather  
together in the Atlantic  for an experiment. The att itude and the 
actions of the countries behind the Iron Cur tain  encourage me to 
believe that cooperation in weather research is possible.
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E F F E C T  O F SO C IA L IS T  SY ST EM  ON  SO C IA L IS T  SC IE N T IS T S

Senator Case. Does your observation include any observation of in
hibiting  effects of the socialist system upon the socialist scientists  com
parable  or analagous to the military inhibit ions?

Mr. Malone. No, si r; I don’t think of scientists flourishing under a 
socialist regime. I think that our own system is superior and tha t i t is 
certainly one in which I find myself more comfortable, but I can’t 
honestly  say tha t there are drastic inhibitions in the pursuit of science 
in the socialistic regime.

C O N FL IC T  B E T W E E N  S C IE N T IS T S ’ B E L IE F S  AN D G O V E R N M E N T ’S 

R E L U C T A N C E

Senator  Case. You are as aware, of course, as we are—more so, 
1 am pre tty  sure, because of your longer experience—than  1 am of 
the conflict between the scientists who believe some kind of inte rna
tional agreements in this area is desirable and our official governmental 
reluctance to enter into it. What is the underhung reasoning, in your 
opinion?

Mr. Malone. I wish I had a sa tisfactory answer for that. I don’t.
Senator Case. You don’t have any doubt about  the soundness of 

the scientific view.
Thank  you very much. I appreciate your being here and so does 

Senator Pell. He has been called away because of the serious illness 
of his mother and asked me to carry on for him.

Mr. Malone. Thank you.
Senator  Case. Our next  witness is Dr. Richard Reed.
You have a prepared statement; haven’t you?

STATEMENT OF DR. RICHARD J. REED, PRESIDENT, AMERICAN
METEOROLOGICAL SOCIETY; DEPARTMENT OF ATMOSPHERIC
SCIENCE, UNIVERSITY  OF WASHINGTON, SEATTLE, WASH.

Mr. R eed. Yes.
Senator  Case. Do you want to submit it for the record and go on 

your own?
Mr. R eed. Yes.
Senator  Case. You could hardly do better than  read it, if you 

want to—one page.
Mr. R eed. I appreciate this opportun ity, Mr. Chairman, to appear 

before the subcommittee and present the views of the American 
Meteorological Society on the issues raised by the proposed Senate 
Resolution 281. The state men t which I am about to read was prepared 
by the Committee on Public Policy of the  American Meteorological 
Society and has been approved by the executive committee as an 
official society s tatement.

The purpose of this statem ent is to urge tha t measures be taken-----
Senator Case. You agree with it, I take it?
Mr. Reed. I certainly do.
Senator Case. Did you write it?
Mr. R eed. I had a hand in writing it.
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The purpose of this statement is to urge tha t measures be taken to 
secure inte rnational agreement dedicating weather and climate modi
fication to peaceful purposes. The American Meteorological Society 
feels tha t there are compelling reasons for such agreement.

Man has already demonstrated the ability to modify the weather 
in limited ways. Local enhancement of precipitat ion along mountain  
slopes and clearing of cold fog from airports are examples of current 
applications of modification techniques. Other uses, such as hail and 
lightning suppression, are definitely within the realm of possibility 
and are under active development. These are all examples of socially 
beneficial applications. It is also conceivable th at weather and climate 
modification can be used for aggressive and destruct ive purposes.

The full potentialities of modification will not be known unt il much 
more research and field testing are accomplished. Proper testing and 
evaluation can only be carried out under carefully controlled condi- 
tions. Premature use of modification methods in situations where 
experimental controls a re inadequate anti where harmful consequences 
may ensue will jeopardize the realization of the future beneficial uses.

Weather and climate modification are specialized areas within the 
broader field of meteorology. Activities in these areas necessarily affect 
the science as a whole. Because of the global character of weather, 
meteorology has traditionally  brought the nations of the world 
together in many cooperative endeavors. The operat ion of the national 
weather services, as well as the conduct of important  interna tional  
research efforts, such as the global atmospheric research program—
GARP—depend crucially on the cooperation and good will that 
now exist in the international meteorological community. The present 
harmonious relationships could be endangered if knowledge gained 
in weather modification is used by one nation in a manner detrimental 
to another.

At present, the science and technology of weather modification are 
in their infancy, heir promise for good is immense; their potential  
as an instrum ent of war is not yet established. No better time could 
be found for dedicating man ’s efforts in modifying the weather to con
structive use. The banning of chemical and biological warfare and of 
nuclear testing in the atmosphere provide ample precedents for pu tting 
limitations on man’s destructive capabilities.

In order to facilitate the development of beneficial uses of weather >
and climate modification and to promote continued international  
cooperation in meteorology, the American Meteorological Society 
urges the U.S. Government to present for adoption by the United 
Nations General Assembly a resolution pledging all nations to refra in 
from using weather modification for hostile purposes. Thank you.

Senator Case. Thank  you very much, Dr. Reed.

P O S S IB IL IT Y  OF NO T D E T E C T IN G  V IO LA T IO N  OF A G R E E M E N T

Do you have any comments on the suggestion tha t was made by 
Dr. MacDonald tha t it would be possible in some area, in some of 
these methods of modification of the environment, to do something 
a million miles away tha t wasn’t detectable; for instance, we here 
triggering earthquakes somewhere else? I ask you this in relation to 
your suggestion tha t the banning of chemical and biological warfare 
and nuclear testing in the atmosphere are precedents. Is it not true
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some of these things could not be detec ted, as a violation of an agree
ment of this sort?

Mr. Reed. Well, I don’t think we could rule out this possibility, 
looking far  into the future, but  I think it would be very difficult to 
be specific on this question in our current state  of knowledge. I t would 
be hard to give you a realistic example based on what we now know.

Senator Case. Tha t is not a serious reason?
Mr. R eed. No; we do not regard tha t possibility at this stage as 

being a serious reason.

'  was witness’ statement cleared by national security council?

Senator Case. Some evilminded person on the staff suggested I 
ask whether your statement was cleared by the National Security 
Council.

Mr. R eed. I am supposedly a free agent.
Senator  Case. I am very much obliged to you, sir. Thank you.
Our next witness is Mr. Werner A. Baum. Very nice to have you.
Would you proceed as you would like.

STATEMENT OF WERNE R A. BAUM, PRES IDENT. UNIVERSITY  OF
RHODE ISLAND; U.S. REPR ESENTATIVE, PANEL OF EXPERTS ON
METEOROLOGICAL EDUCATION AND TRAININ G, U.N.

Mr. Baum. Mr. Chairman, T deeply appreciate  this opportuni ty to 
speak to Senate Resolution 281, expressing the sense of the Senate 
that the U.S. Government should seek the agreement of other govern
ments to a proposed trea ty prohibiting the use of any environmental 
or geophysical modification as a weapon of war. I appreciate the 
opportunity  as an educato r with a special concern for the welfare of 
future generations on this planet . I appreciate  the opportunity  as a 
meteorologist with a special concern for our understanding of the 
atmosphere and our ability to predict and control its behavior; and 
I appreciate the opportunity as a Rhode Islander.

C O M M EN D A TIO N  OF SEN A TO R  P E L L

w As a citizen of Rhode Island,  I take pride in the fact tha t one of
our Senators had the foresight and unders tanding to introduce this 
resolution more than 4 months ago on behalf of a b ipartisan group of 
distinguished members of the Senate. Mr. Claiborne Fell has a solidly 
established record of legislative effectiveness from such actions as 
steering through the Senate the bill establishing the sea-grant colleges 
and the recently  enacted higher education legislation. He now adds 
to that record the perception of a new problem, a problem of po ten
tially vast  consequences for mankind.

M E M B E R S H IP  OF G R O U P C O LLA BO RA TIN G  W IT H  SEN A TO R  PEL L

Senator Case. Do you recall the membership of the distinguished 
group you mentioned collaborating with Senator  Pell?

Mr. Baum. I have it here.
Senator Case. Would you read the names off?
Mr. Baum. Yes, sir.
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The first name is Mr. Case; Mr. Cooper, Mr. Cranston, Mr. Har t,
Mr. Hughes, Mr. Humphrey, Mr. Javi ts, Mr. Kennedy, Mr. Mc
Govern, Mr. Mondale, Mr. Nelson, Mr. Tunney, and Mr. Williams.

Senator Case. It  is a bipart isan group and I appreciate your 
bringing that matt er out.

Mr. Baum. You are asking all of us to face that problem while 
there is still time.

AP PR OV AL  OF SE NA TE  RES OLU TI ON 281 W ITH ON E MOD IFIC AT IO N UR GE D

I urge you to approve Senate Resolution 281, with one major 
modification which 1 shall discuss shortly.

I urge you to do so because of my concern for those men and women 
who will follow us on earth.  Other witnesses have discussed and will 
discuss the scientific status  of weather  modification, or weather man
agement, as I  prefer to call it, as we now see it. The plain fact is that 
there remains a vast sec tor of ignorance about  the effects and natu ral 
implications  of weather management. We have only one atmosphere 
on this planet and it may be more deadly than  Russian roulette to 
play with it before we know what  we may produce.

EXAM PL E OF ABIL IT Y TO CR EA TE  OR DE STRO Y HU RRIC ANES

Let me give one hypothetical example, admit tedly extreme, to 
make the basic point:

Let me suppose tha t we could create or dest roy hurricanes at will, 
something we cannot now do nor expect to be able to do in the foresee
able future. Now, superficially it would seem quite desirable to eliminate 
hurricanes as a nuisance and a danger to mankind. However, in fact, 
the hurricane serves to transport large amounts of converted solar 
energy from tropical latitudes to polar latitudes. Somehow this trans
port must  be accomplished if the earth  is to have a reasonably stable 
climate, as the energy input from the sun will always be greater in the 
tropics than  in high latitudes . If the hurr icane is eliminated as one of 
the energy transport mechanisms, some other adjustment in the  atmos
phere-ocean system will have to take place. In  1972, no one can tell 
you what  tha t adjustment would be. It  could be a calamity for life 
forms as we know them. No subset of mankind should take it upon •
itself to initiate such a deadly gamble. Though this example is extreme, 
the principle it illustrates is applicable to a broad spectrum of weather 
management activities.

Senator Case. Jus t as a layman, I would like to know a little  bit 
more about how this transportation  of energy takes  place.

Mr. Baum. Well, one significant form-----
Senator  Case. Does it bring h eat up from the tropics and so forth?
Mr. Baum. Yes; and one significant way it does t hat , Senator, is 

tha t ocean water  is evaporated by the heat in the tropics and tha t hea t 
is carried northward in latent form within the water  vapor. When this 
water vapor condenses in higher latitudes  tha t heat is then released in 
the higher latitude, so you have affected a transpor t of h eat energy 
from low to high lati tudes that way.

Senator  Case. You have to realize many of us are chi ldren on this 
subject  and 1 appreciate that  very much. It  is terribly helpful. But  
this indicates  it isn’t evilminded people tha t are going to use these
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things for bad purposes; it is people playing around. When 1 say 
playing around, 1 mean jus t hit or miss, seeking of knowledge and 
whatnot . They  may be dangerous, too?

Mr. Baum. Quite possibly.

W ORLD W E A T H E R  PR OGRAM

I urge you as a meteorologist to approve Senate Resolution 281. 
We have long known tha t better unders tanding of the atmosphere, as 
well as g reater  ability to predict its behavior and to manage it, would

1 require international expenditures of money and energies on a coopera
tive basis on a global scale. After many years of effort, of initiative  by 
the President of the United States, of discussion by the General 
Assembly of the United Nations, of supportive actions by the Congress 
and numerous other legislative and executive agencies around the 
globe, we are at last in the early stages of implementing the so-called 
world weathe r program. This program, primarily through the great 
improvement of our observational network and through the conduct 
of large-scale international  field experiments, promises to increase 
dramatically our ability to predict weathe r phenomena. Success of the 
world weather program depends critically on fa ith and trust among the 
partic ipating nations, nations  which cqyer the entire spectrum of 
political and economic philosophies. Tne world weather program 
would and should collapse if it became clear tha t one or more of the 
participating  nations was seeking knowledge for use in meteorological 
warfare, the rest  of mankind be damned. We would lose a major op
portunity for man to improve his condition on earth.

R E P O R T  OF N A T IO N A L  A D V IS O RY  C O M M IT TEE ON
OCEANS AND A T M O SPH E R E  t

Mr. Chairman, last autum n President Nixon appointed me to the 
National Advisory Committee on Oceans and Atmosphere, pre
sumably because of my background in meteorology. You will recall 
tha t this committee was established by you and your colleagues under 
Public Law 92-125, approved in August 1971, and was directed to 
submit a comprehensive annual report to the President and to the

<  Congress setting forth an overall assessment of the status of the
Nation’s marine and atmospheric activities. The first report from 
NACOA, together with comments and recommendations by the 
Secretary of Commerce, will be reaching you shortly.

a In its first year, the National Advisory Committee on Oceans and
Atmosphere did not address itself specifically to Senate Resolution 
281, so I cannot  say tha t the committee endorses the resolution. 
However, we did address ourselves in depth  to the statu s of weather 
modification and our report will contain a chapter  on this topic. We 
touch on some of the same objectives to which the resolution addresses 
itself. Allow me to quote from an approved draf t version of our repor t, 
subject to editorial change before it reaches you formally.

We note five areas in the field of weather modification in which 
action is required, namely, legislation, research and technology, 
hurricanes, public policy and international matters. In the latt er 
area we s tate :
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In te rn ati onal ag re em en t sh ou ld  he  ar ri ved  a t and th e  ne ce ss ar y in st it u tional  
ar ra ngem en ts  de ve lope d to  esch ew  th e ho st ile  us es  of w ea th er  mod ifi ca tio n an d 
to  in vest ig a te  in advert en t ch an ge s in th e glob al cl im at e . . .

We also make the following s tatement in our draft  report:
NACOA wishe s to  as so ciate its el f w ith  th e po si tion  ta ken  by th e N at io nal  

Aca de my of Scien ces th a t in ord er  to  sa fe gu ar d th e li fe -s us ta in in g pr op er tie s of 
th e at m os ph er e fo r th e  co mmon  be ne fi t of m an ki nd , th e  U.S. G ov er nm en t is 
urge d to  p re se nt  fo r a do pt io n by  the U ni ted N at io ns  G en er al  A ssem bly a  re so lu tio n 
de di ca tin g al l w ea th er  mod ifi ca tio n ef fo rts  to  pe ac eful  pu rp os es  an d es ta bl ishi ng , 
pr ef er ab ly  w ith in  th e fram ew or k of in te rn ati onal nongov er nm en ta l sci en tif ic 
org an iz at io n,  an  ad vi so ry  m ec ha ni sm  fo r co ns id er at io n of w ea th er  mod ifi ca tio n 
pr ob le m s of pote ntial  in te rn ati onal co nc ern be fo re  th ey  re ac h cr it ic al  lev els .

It is clear, then, tha t the National Advisory Committee on Oceans 
and Atmosphere is supportive of the philosophy embodied in the 
resolution under consideration.

CO N TRO LLIN G  E X PE R IM E N T A T IO N  BU T NOT R E SE A R C H  SU G G ESTED

Mr. Chairman, I do not  propose to address myself to the details or 
precise working of the resolution. Others are bv far more qualified 
to do so. In conclusion, however, I do wish to suggest one major 
modification. I have reference to Article I, pa ragraph  2, of the proposed 
treaty, which deals with the prohibition of research or experimentation. 
Experimentation, whether domestic or interna tional, should be con
trolled in any case for the kinds of reasons I have already mentioned. 
Research, on the other hand, probably cannot and should not be 
controlled.

I do not see how we could effectively distinguish between weather 
management research which is intended for peaceful application and 
research which is intended for weaponry. History has surely taught us 
tha t the same research result can be used constructively or destruc
tively. The same meteorological research is used to design civilian 
aircraft and the military bomber.

And, finally, while I do not want my country to use weather modi
fication as a weapon of war, I want it to know how to do so. We 
cannot really control the research done by others and I want to be 
very certain we know at least as much or more than they know.

Thank  you, Mr. Chairman.
Senator Case. Thank you very much. I like the statement . I like 

the tone of it, too.

D IS TIN C T IO N  B E T W E E N  E X P E R IM E N T  AN D R E SE A R C H

What is the distinction between experiment and research? I  am not 
questioning; I want to know what you had in mind when you made 
this dis tinction.

Mr. Baum. Research is in part  clearly distinguishable, in the sense 
it might be theoretical; it might be laboratory; it might be the kind 
of research tha t constructs models and tests them on computers, for 
example.

There is a gray area which is a little difficult.
By exper imentation I mean any introduction of materials into the 

atmosphere or any other work on the atmosphere itself where there is 
any reasonable doubt that there might be major consequences which 
cannot be anticipated . That  kind of exper imentation it seems to me 
must be very  st rictly controlled.
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SE E D IN G  OF H U R R IC A N E S

Senator Case. Then you wouldn’t, or would you, go into the middle 
of a hurricane and seed it or something like that?

Mr. Baum. First of all, t ha t experimentation  is carefully controlled 
in the sense tha t there are very thorough ground rules and details 
which I don’t recall offhand. The hurricane must be a certain distance 
away from any land mass; it must not have any reasonable probability  
of striking a land mass within 18 hours, or some such figure. And all 
those safeguards are built into those experiments.

In addition, the kind of things we are doing or are now capable of 
doing can produce—we are quite confident they can produce—only 
very minor shortlived effect.

E X P E R IM E N T A T IO N  ON  M O DERATE SC ALE

Senator Case. What you really mean is the experimentation on the 
moderate scale isn’t going to do any substan tial harm, tha t you are 
reasonably sure; you wouldn’t stop  the experiments such as that?

Mr. B aum. No, I certainly would not and I doubt we can or should 
stop experiments tha t are adequa tely safeguarded.

W H O  IS  G O IN G TO  SA FEG U A R D  E X P E R IM E N T S ?

Senator Case. Who is going to safeguard them?
Mr. Baum. W e l l -
Senator Case. Seriously.
Mr. Baum (continuing). That is a very serious question which re 

quires some congressional a ttent ion, in my personal opinion. We have 
here a problem which is somewhat analogous to the one we face in the 
atomic energy field, for example, as to whether the agency which is 
responsible for developing a field, as the AEC is, should also have 
safeguarding author ity, as I believe i t does have.

One might argue tha t the safeguarding authority  ought to be in 
different hands than  the agency which is try ing to develop the field. 
At the moment I believe tha t, for example, in the case of hurricane 
modification, which is being conducted jointly  by NOAA and the 
Navy, to the best of my knowledge it is an entirely voluntary  
internal self-controlled mechanism which has been established by 
NOAA and the Navy because of their awareness of the problem.

I believe it is entirely volunta ry.
Senator Case. Do you think  tha t anything  of the natu re of an 

extension of the authority or the mechanisms provided in the En
vironmental Policy Act is desirable and should we make it more 
specific?

Mr. Baum. I am not prepared to give a specific answer offhand, 
Senator.

I do believe tha t the Congress should address itself to the policy 
question which is contained here, and I believe t ha t there should be a 
thorough exploration of a lternatives and some mechanism should be 
established which assures the people of the United S tates that weather 
modification activity is preassessed and monitored and authorized only 
under circumstances which are construed to be safe and productive.

82 -S 92 — 72 ----- 7



Senator Case. Well, I appreciate that  very much. The reason I 
brought up the analogy of the environmental policy mechanism is, 
first, of course, Dr. MacDonald referred to it natura lly and also 
it is because it has no ultimate sanction except the fact tha t the 
information is brought out and laid out and everybody sees it and then 
the President and the Congress would have a chance to make a de
cision about carrying forward a certain project. This may be the 
best way, rather than having any policemen actually  established in 
the legislation.

I just  wondered whether tha t might not be a possiblity at least 
as a start?

I am very much obliged to you and I know Senator Pell is.
Thank you for coming.
Mr. Baum. Thank  you.
Senator Case. Dr. Falk, nice to have you, sir.

STATEMENT OF RICHARD A. FALK, PROFESSOR OF INTERNATIONAL 
LAW, PRINCETON UNIVERSITY

Mr. Falk. I wish to express my gratitude to the subcommittee 
for allowing me to appear  before it  to present my views today.

With your permission, Senator Case, I will not read the entire 
opening statement tha t I prepared, but  would like your permission to 
submit it for the record.

Senator Case. Please do. Tha t surely will be very much in order.
You go ahead in your own way.
Mr. Falk. Thank you.
Senator Case. Say enough to get me star ted.
Mr. Falk. I will t ry.

U .S . TACTIC S AN D W E A PO N R Y  IN  IN D O C H IN A

In recent months I have become increasingly aware of the extent to 
which tact ics and weaponry designed to destroy or interfere with the 
environment have been relied upon by the United States in Indo
china. In support of this short statem ent, I am submitting a longer 
paper prepared for a June  1972, conference on environmental warfare 
Held in Stockholm, Sweden, t ha t considers some of these policies from 
the perspective of interna tional  law and offers certain proposals. 
(See appendix, p. 133.)

In the weeks since this paper was written, new disclosures have 
suggested th at large-scale efforts were made in 1965-67 by the United 
States to cause massive forest fires in areas of South Vietnam occupied 
by opposition forces. Also in recent weeks evidence has been accumu
lating tha t dikes and dams have been damaged by bombardment 
causing a severe danger of massive flooding in the Red River Delta, 
imperiling the lives of millions of North  Vietnamese civilians. Thus, 
these hearings are being held a t a time when there is an international 
emergency of such grave proportions tha t even the Secretary General 
of the United Nations, Kurt Waldheim, has lent the prestige of his 
office to charges of dike-bombing and imminent catastrophe.

It  is notable tha t Mr. Waldheim, on taking office, criticized his 
predecessor, U Than t, because he had at times sacrificed his influence 
by being critical of one or the other great powers, and it is, 1 would
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suspect, in the belief tha t this is an emergency of first order of magni
tude tha t Mr. Waldheim was led to the depar ture from his own 
injunction of prudence when he took office.

BASE S FO R  LEG A L A PPR A IS A L  OF  R E C O U R SE  TO  E N V IR O N M E N T A L  
W A R FA R E

I think it is important to make clear tha t although recourse to 
environmental warfare is often considered a re lative novelty, it does 
not occupy a legal vacuum. We have two main bases for legal appraisal: 
(1) Customary  principles of internat ional law. Not all of international 
law is reduced to treaty form. Especially with respect to the law of war, 
where technology and doctrine change so rapidly, the role of customary 
principles of international law is especially important . These principles 
are set forth in greater detail in my accompanying paper, but  in 
essence, these principles forbid reliance on tactics and weaponry tha t 
are indiscriminate in impact—that is, do not discriminate between 
legitimate milita ry targets  and illegitimate civilian targe ts; dispro- 
portional in effect—that is, th at the damage caused is disproportional 
to the military objective served ; and that  are inhumane in character— 
tha t is, tha t are inherently cruel and offend minimum and widely 
shared moral sensibilities.

It  should be emphasized that  much of international law in all fields 
continues to be embodied in the form of rules and principles of cus
tomary interna tional  law.

The Supreme Court has declared in very clear terms tha t customary 
international law should be applied as often as it is relevant to a domes
tic legal controversy. In recent years the Supreme Court has routinely 
relied on customary internationa l law to adjudicate  a series of claims 
arising out of the expropriation of American investments by foreign 
governments. I think tha t the autho ritat ive statu s of re levant prin
ciples of customary in ternat ional law makes i t clearly illegal to engage 
in most of the forms of environmental warfare th at have been the sub
ject of consideration in relation  to the Indochina  War.

These principles also bear, it seems to me, on the recent American 
contention tha t the  bombing of the dikes or dams, to the  extent it  takes 
place, is an incidental consequence of trying to strike military targets, 
such as truck traffic or SAM missile implacements on dike s tructures 
in North Vietnam, represents a disproportional military objective 
relative to  the gra vity of the civilian destruction tha t might reasonably 
result from such a military policy.

The second source of existing international law tha t bears on this 
subject matter  arises from the  war crimes prosecutions after World 
War I I.

We h ave some actual precedents which seem re levant to the assess
ment of the  legal sta tus of environmental warfare. These precedents 
were created at war crimes tri als often carried out under the principal 
initiative  of the U.S. Government.

A very significant case involves the prosecution at Nuremberg of 
Arthur Seyss-Inquart, a Nazi high commissioner of Holland who was 
charged with flooding 500,000 acres of land, thereby causing civilian 
misery. Seyss-Inquart was sentenced to death  for various atrocious 
acts, but even he resisted superior orders to flood Holland indis- 
criminantly and proved before the court tha t he had thereby  spared 
Dutch civilians much misery.
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In another little  reported case, the United Nations War Crimes 
Commission recommended that German occupying officials be charged 
as war criminals because they had pursued “a policy of ruthless  
exploitation of Polish forestry.”

Two principal conclusions emerge from this analysis:
(1) Indiscriminate, disproportionate, and inhumane forms of 

environmental warfare violate internationa l law as presently consti
tuted ; (2) Such a legal appraisal is ev idently neither  understood nor 
accepted by governmental officials in this country.

C O N FU SIO N  C O N C ER N IN G  LEG A L  STA TU S OF P O L IC IE S

It  is worth noting tha t even journalists generally critical of these 
policies also appear  to be confused about their legal status. Thus, 
Seymour Hersh implies a legal vacuum when he writes: “Technically, 
there are no in ternational  agreements outlawing such warfare”—New 
York Times, July  9, 1972, section 4, page 3—as if all of inte rnational 
law is trea ty law; and Robert Reinhold says flatly, “Of course, fire 
is not new as a weapon of war; it is n ot illegal”—New York Times, 
July  23, 1972, section 4, page 2—as if past violations can serve as 
precedents or tha t the context of application is not relevant to the 
appraisal of a weapon’s legal s tatus.

N E E D  TO  A D O PT E X P L IC IT  R U L E S AND  P R IN C IP L E S  O F P R O H IB IT IO N

These conclusions suggest strongly the need to adopt  explicit rules 
and principles of prohibition with respect to all principal forms of 
geophysical warfare. Such a treaty of prohibition as recommended 
by Senate Resolution 281 is extremely important to counteract the 
state practice exhibited by the United States  throughout the course 
of the Vietnam war.

It  is clearly true tha t other governments feel entitled to rely upon 
war policies th at were relied upon by others without formal rebuke in 
the past. It  is also true tha t many intelligent members of our own 
society do no t understand a government to  be bound by international 
law unless the rules of prohibition are embodied in trea ty form. 
Therefore, it seems necessary to seek general trea ty rules of prohibition 
and then seek widespread ratification. No other course of action is 
likely to encourage a stable legal regime tha t might deter national 
milita ry establishments from planning more lethal varieties of environ
mental  warfare for future wars.

It  also seems desirable to pursue a clear-cut prohibition that goes 
across the board. Such an approach has been successfully used in the 
Geneva protocol of 1925 with respect to poison gas, although recent 
American claims tha t such a prohibition  does not extend to riot 
control agents or military  herbicides threatens the clarity of the 
threshold.

It  is very important to seek s tandards  of prohibition tha t are as 
unambiguous as possible in international  law, as enforcement and 
guidance depend to such a great extent  upon mobilizing world public 
opinion and upon self-enforcement and self-interpretation on the 
national level. Such standards of prohibition are particularly im portant 
in this area of geophysical modification where techniques are just  
beginning to develop and where the drive for peaceful uses is certain
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to extend the technological front iers for weather and terrestria l manip
ulation in the years ahead.

For similar reasons, it is critical to retain a broad sense of the 
scope of geophysical warfare. It  is essential to reach all human efforts 
to modify normal air and water flows with the intention of securing 
a military  advantage. It  is also necessary to embrace military efforts 
to induce earthquakes or volcanoes.

And, finally, it is necessary to include military  tactics  designed to 
alter the ear th’s surface, as by  deforestation and defoliation, whether 
by Rome plow, fire, or chemical. We are dealing with an amorphous 
set of military  possibilities that may pose dangerous threats to national 
security and worhl stabil ity unless effectively discouraged by a strong 
trea ty of prohibition.

The future  possibility of a geophysical cold war or secret war is 
very menacing; the targe t society or region may not even know7 tha t 
it  is being intentionally victimized by its adversary.

One purpose of such a treaty  of prohibition is to help crystallize a 
moral consensus that  reinforces the legal claims. The process of trea ty 
ratificat ion is itself important because it lends the prestige of 
governments  to a specific legal undertak ing and obliges national 
officials to justify the legal obligations in relation to national interests.

ECOCIDE OR GEOCIDE CONVENTION SUGGESTED

I would also like to emphasize that, in addition to Senate Resolution 
281, it would be desirable for this committee to hold hearings in 
the near future to consider proposing the preparat ion for early adop
tion of an ecocide or geocide convention to complement the genocide 
convention. Such a proposal would help focus world a ttent ion on the 
magnitude of the problems posed by geophysical warfare and might 
strengthen inhibitions on weapons development and use in the future. 
I have prepared a draf t ecocide convention which is submitted here as 
annex 1 of my supporting paper.

CONNECTION BETWEEN PRESENT CRISIS AND EFFORT TO SPARE MANKIND

I would like to conclude my statement  by stressing the connection 
between the present crisis created by our tactics in Indochina and a 
genuine effort to spare mankind from geophysical warfare in the 
future.

To be silent about the present crimes against the environment is to 
compromise the integri ty of the wider claims on the subject. I would 
appeal to you not only in your capacity as elected representatives of 
the American people, but also as human beings, given a small oppor
tun ity to raise your voices against the prospect of awesome calamity 
in Vietnam should the combined effects of artificial rainmaking, 
natu ral precipitation, and weakened and wrecked dams and dikes 
cause major flooding during the weeks ahead in the Red River Delta.

One eyewitness observer of the bombing of the  dikes, the Swedish 
Ambassador to North Vietnam, Jean-Christophe Oberg, a respected 
diplomat, has said:

Every one, even  dip lom ats , m us t reac t as hu man  beings. I have no in ten tio n of 
witne ssing passive ly wha t is hap penin g.
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And on another recent occasion, Ambassador Oberg observed:
If a cata stro phe  occurs in a few months, at  the  time of the monsoon, we shall 

know who is responsible. But this  mu st not  be allowed to happ en. The lives of 
millions of people are in jeop ardy  and  an unprecedented famine could occur in 
North Vietnam.

Thank you.
(Mr. Falk’s prepared statement follows:)

P repared Statement of R ichard A. Falk, P rofessor of I nternational L aw,
Princeton University, H earings, J uly 27, 1972, Subcommittee on Oceans
and I nternational Environment of U.S. Senate Committee on Foreign *
R elations

By way of background, the sub jec t of these hearings joins two of my deepest 
professional concerns. As an internatio nal  lawyer and politica l scien tist, I have 
been interested  in the  global dimensions of environmental problem s and have 
published a book enti tled This Endangered Planet: Prospects and Proposals for  
Human Survival (Random House, 1971). For more than  a decade I have been 
professionally concerned and  personally disturbed by America’s involvement in 
the Indo china War and  have devoted considerable at ten tio n to the  legal aspec ts 
of this involvement. In this connec tion I have served as Cha irman and  Ra p
por teur of the  Civil War Panel of the  American Society of Int ern ational Law,
Chai rman  of the  Consultative Council of the Lawyers Com mittee on American 
Policy Towards Vietnam, and  editor of and  con tributor to a three volume series 
ent itle d The Vietnam II ar and Internat ional Law (Princeton Univers ity Press,
1968, 1969, 1972).

In recent months I have become increasingly aware of the  exten t to which 
tact ics and  weapbnry designed to des troy  or  interfere with  the  environmen t have 
been relied upon by the  United Sta tes  in Indochina. In suppor t of this  sho rt 
sta tem ent , I am subm ittin g a longer paper prepared for a Jun e 1972 conference 
on environmental warfare held in Stockholm, Sweden, tha t considers some of these 
policies from the  perspective of inte rna tion al law and offers cer tain  proposals.
In the  weeks since this paper was wri tten  new disclosures have  suggested th at  
large-scale efforts were made in 1965-67 by the  Uni ted Sta tes to cause massive 
fores t fires in area s of South Vietnam occupied by opposi tion forces. Also in recent 
weeks evidence has been accumula ting th at  dikes and  dams have been damaged 
by bom bardment  causing a severe dang er of massive flooding in the  Red River 
Del ta imper iling the lives of millions of Nor th Vietnamese civilians. Thus these  
hearings are being held at  a time when there is an inte rnational emergency of such 
grave proportions th at  even the Secretary  General of the  Uni ted Nations, Ku rt 
Waldheim, has lent the prestige of his office to charges of dike-bombing and  
imm inen t catastrophe.

I think it imp ortant  to make clear th at  although  recourse to environ men tal 
warfare is of ten considered a relat ive nove lty it does not  occupy  a legal vacuum.
We have two main  bases for legal appraisal:

(/)  Customary principles of international law.—Not all of internatio nal  law is w

reduced to tre aty form. Especially  with  respec t to the law of war, where technology 
and  doctrine change so rapidly , the  roll of customary principles of inte rna tional  
law is espec ially important. These principles are set forth in g reater deta il in my 
accompanying paper, bu t in essence, these  principles forbid reliance on t acti cs and  
weaponry th at  are indiscriminate in imp act (that is, do not  discriminate  between 
legi timate milita ry targets and illegi timate  civilian targets) , disproportional in 
effect (th at  is, th at  the damage  caused is disproportional to the  milita ry object ive 
served) , and  t ha t are inhumane in cha rac ter (th at is, tha t are inheren tly cruel and 
offend minim um and  widely shared moral  sensibili ties). It  should be emphasized 
th at  much of internationa l law in all fields continues to be embodied in the  form 
of rules and  principles of customary inte rna tion al law. The Suprem e Court has 
declared in very  clear terms  th at  customary inte rna tion al law should be applied  
as often as it is relevant  to a domestic legal controversy. In recent years  the  
Supreme Cou rt has routinely relied on customary inte rnational law to adjudicate 
a series of claims arising out of the  expropria tion of American investments  by 
foreign gove rnments. I think th at  th e a uth ori tat ive  statu s of r elev ant principles of 
customary inte rnational law makes i t clearly  illegal to  engage in most of the forms 
of e nvironmental warfare  that  have been the subject  of consideration  in rela tion  
to the Indochina War.
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(2) War Crimes Prosecutions after World War I I .— We have some actual 
precedents which seem relevant to the  assessment of the legal sta tus  of environ
mental warfare. These precedents were created at  war crimes trial s often  carried  
ou t under the  principa l initi ative of the  United  Sta tes  Government. A very 
significant  case involves the  prosecution  at Nuremberg of Arthur  Seyss-Inquar t, 
a Nazi High Commissioner of Holland who was charged, among oth er things, with 
flooding 500,000 acres of land, thereby causing civilian misery. Seyss-Inquart 
was sentenced to death for various  atrocious acts, bu t even he resisted superior 
orders to flood Hol land indiscriminately  and proved before the  court th at  he had 
thereby  spared Dutch civilians much  misery. In ano ther little  repo rted  case, the  
Uni ted Natio ns War Crimes Commission recommended th at  German occupying 
officials be charged as war criminals because they  had pursued “& policy of ruthless  
exploitation of Polish fore stry .” War crimes are defined in Nuremberg Principle 
VI  (b) as including “plunder  of public or private property, wanton destruction of 
cities, towns,  or villages, o r devasta tion  not  justified by mil itary necessity .” This 
language is broad  enough to reach the  main forms of en vironmental  warfare.

It  is important also to a ppreciate  that  even American recourse t o environmental 
tacti cs and policies is no t a novel ty. In the Korean War on May 13, 1953, tw enty  
F-8 4 fighter-bombers atta cke d the  Toksan irrigation dam in North Korea and, 
according to a staff study publi shed in the Air University  Qua rterly Review 
“skip-bombed the ir loads of high explosives into the  hard -packed ear then  walls 
of the  dam .” In praising the efficacy of these strikes the  staff stu dy  considered 
the ir main impact to have been on 75% of “the control led water supply for 
North  Korea’s rice prod uction.” (See “Attac k on the  Irrig ation Dams in North 
Korea,” Air University Quarterly Review, Winter  1953-54). The study  goes on 
to claim th at  the  capacity of ai rpower to generate  “rice famin e” also served  as a 
warning  to  future enemies of the  United  S tates. As is well-known by now, similar 
tacti cs of warfare have been repeated ly introduced into the Vietnam War. As long 
ago as 1965-67, th e earlier period of heavy bombardmen t of North  Vietnam, there  
were docum ented  accounts of bombs faffing repea tedly  on dike sections. Recen t 
disclosures, eye-witness reports, sub stantiate d rumors , and  semi-denials in rela
tion  to the bombardmen t of dikes and  dams, artificia l rainm aking , and  induced  
forest  fires lend addit ional  subs tance to the generalized conclusion th at  waging 
environm enta l warfare, despite its dubious legal st atu s, is u nfo rtunately  not alien 
to the  mili tary  mind or its civilian overseers in this country .

Two principal conclusions emerge from this analysis:
(1) Indiscriminate , disproportionate, and inhumane  forms of envi ronmental 

warfare viola te international law as prese ntly constituted;
(2) Such a legal appraisal is eviden tly nei ther  unde rstood nor  accepted by 

governm enta l officials and others in this  country . I t is worth noting that  even 
journalists genera lly critic al of these  mili tary  policies also app ear  to be confused 
about the ir legal sta tus . Thus, Seymour Hersch implies a legal vacu um when he 
writes “ Technically, there are no internatio nal  agreements outlawing such war
fare ,” (AT.F.  Times, July 9, 1972, Sect. 4, p. 3) fallaciously writ ing as if all of 
internatio nal  law is tr ea ty  law; and  Ro bert Reinhold says flatly, “ Of course, fire 
is not new as a weapon of war; it is not  illegal” (N .Y. Times, July 23, 1972, Sect. 
4, p. 2) as if past violat ions can serve as precedents  or th at  the  con text of use 
(i.e. targ et, purpose , etc.) is not  releva nt to the  appraisal of a weapon’s legal 
sta tus .

These conclusions suggest stro ngly th e need to  ad opt explic it rules and pr inciples 
of proh ibit ion with respect to all principa l forms of geophysical warfa re. Such a 
tre aty of prohibitio n as recom mended by S. Res. 281 is extremely important to 
cou nte rac t the st ate  practice  exhibited  by  the  United S tate s througho ut the  course 
of the Vietnam War. It  is clearly  tr ue  t ha t other governments feel en titl ed to rely 
upon war policies th at  were relied upon by othe rs withou t formal rebuke in the 
pas t. It  is also true th at  many inte lligent members of our  own socie ty do not 
unders tand a government to be bou nd by inte rna tion al law unless the rules of 
prohibi tion are embodied  in tre aty form. Therefore, it seems necessary and 
desirable to seek general tre aty rules of prohibition and  then seek widespread 
ratif ication. Indeed, no other course of action is likely to encourage a stable legal 
regime that might deter national military establishments from  planning more lethal 
varieties o f environmental warfare for future  wars.

It  also seems essential to insist upon a clear-cut prohibition that  goes across the 
board. Such an approach  has been successfully used in the  Geneva Protocol of 
1925 with respe ct to poison gas, altho ugh recen t American claims that  such a 
prohibition does not extend to riot con trol  agents or mil itary herbic ides threat ens
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to compromise the cla rity  of the threshold. It  is very imp ortant to seek s tandards 
of prohibition  that  a re as  unambiguous as possible in in ternational law, as enforce
ment. and policy guidance depend  to such a gre at exten t upon  mobilizing world 
public opinion  and upon self-enforcement and self- inte rpre tatio n on the  national 
level. Such standard s of prohibition  are par ticula rly  important in this  area cf 
geophysical modification where techniques  are  ju st  beginning to develop and 
where the drive  for  “ peaceful  uses” is cer tain  to  ex tend  th e technological frontiers 
for weather and  ter res tria l manipu lation in the  years ahead far beyond the  horizons of present anti cipa tion .

For similar reasons, it is critica l to retain  a broad sense of the  scope of geo
physical warfare . It  is essential to reach all hum an efforts to modify  norma l air 
and water flows w ith the  intention of securing a mil itary adv antage . It  is also 
necessary to embrace mili tary  efforts to induce  ear thquak es or volcanos. And, 
finally, it  is necessary to include mil itary tac tics designed to alt er  the  ea rth ’s 
surface, as by deforesta tion and defolia tion, whe ther  by Rome Plow, fire or 
chemical, or as by flooding, whether  by rain  mak ing or the  bom bardment  of 
dikes, dams, and irriga tion systems. We are dealing  with an indefinite , bu t menac
ing, set  of mil itary possibilities th at  may pose dangerous thr ea ts to natio nal 
secu rity and world stabil ity  unless effectively discouraged by a stro ng tre aty of 
prohibition. The future  possibi lity of a geophysical “ cold war” or “ secret wa r” is 
par ticu larly troublesome; the  t arg et society o r region may  not even know th at  it 
is being intentionally victimized by its adversary , or it may  su spec t th at  it is a 
targe t when adverse na tur al phenomena are indeed accidents of natu re.

One purpose of such a tre aty of p rohibition is to help crystallize  a mora l con
sensus th at  reinforces the  legal claims. The process of tre aty ratif icat ion is itself 
helpful  because  it lends the  prestige and honor of governments to a specific legal 
und erta king and  obliges natio nal officials to jus tify  the legal obligations in relation to nat ional interests .

I would hope th at  this Subcommittee would also hold hearings in the  near fu
ture to consider the  wisdom of proposing the  adopton of an ecocide or geocide 
convention to compliment the Genocide Convention. Such a proposal would help 
focus world at ten tio n on the magnitude of the  problems posed by geophysical 
warfare and  m ight strengthen  inhibit ions on weapons developments and use in th e 
futu re. I have prep ared  a dra ft ecocide convention  which is submitted  here as Annex 1 of my suppor ting  paper.

I would like to  conclude my s tatem ent by stress ing the connect ion between the 
presen t crisis created  by our  tacti cs in Indochina and a genuine effort to spare  
mankind from geophysical warfare  in the future . To be silen t abo ut the present 
crimes aga inst the environment is to compromise the inte grity of wider claims on 
this  initia l subject.  I would appeal to you no t only in your capacity  as elected rep
resenta tives of the  American people, bu t as hum an beings, given a small oppor
tuni ty  to raise your voices a gainst the  prospect of awesome cala mity in Vietnam 
should  the  combined effects of artificia l rainm aking, na tural prec ipitation, and 
weakened and  wrecked dams and dikes cause major flooding during the  weeks 
ahead in the Red Riv er Delta . One eyewi tness observer of the bombing of the  
dikes, the  Swedish Ambassador to North V ietnam , Jean -Christo phe  Oberg, a re
spec ted diplomat, has said, “ Everyone, even diplomats , must react as human 
beings . . .  I have no intention of wi tnessing passive ly wh at is happening.” And 
on anoth er r ece nt occasion Ambassador Oberg obse rved: “ If a catastro phe  occurs  
in a few m onths, at  the time of the  monsoon,  we shall know who is responsible. 
Bu t this  mu st no t be allowed to happen . The lives of millions of people are in 
jeopardy , and an unprecedented famine could occur in North Vie tnam .” (from 
Fred  Branfm an’s collection of eye-witness Western repo rts of bombing of dikes.)

Senator Case. Thank you, Dr. Falk.
Your longer paper  will be included in the record and the annexes to 

it tha t you referred to. (See appendix, p.133.)
I find nothing to  question in your statement and I am very grateful 

to you for coming. 1 know Senator Pell will be, too.
Thank you very much.
Mr. Falk. Thank you.
Senator Case. Is there anything tha t anyone else here would like 

to comment on as to what has been said so far by any of the witnesses?
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IS S U E  O F P R O H IB IT IO N  OF R E SEA R C H

Mr. Falk. Could I make a brief comment on the issue of the 
prohibition of research?

Senator Case. I wish you would.
Mr. Falk. I unfortunate ly d idn’t have the benefit of the resolution 

before I came today because I was in upstate Vermont, but  i t seems 
to me tha t it is important to balance on the one side the sorts of 
considerations tha t have been advanced for not  inhibiting research 
with the dangers that seem to me so self-evident in many areas of 
government of allowing research of this charac ter to proceed under 
classified or secret auspices. So I would think t ha t one way of modify
ing the present language of the resolution and still not losing all its 
important inhibiting effect would be to require research to be con
ducted on an open or unclassified basis and be subjected to some form 
of congressional and possible citizen scrutiny on a continuing basis.

I think that,  as 1 say, there is so much evidence th at governments 
and our own Government has abused the prerogatives of secrecy with 
respect to  sub ject m atte r of this sor t t ha t 1 th ink it is very im portant 
not to altogether eliminate the effort to control research tha t was 
placed in the original trea ty formulation.

Senator Case. I am very much obliged for tha t particu lar insight, 
too. It  is somewhat along the line of the idea of the environmental 
quality  openness wi thou t necessarily a specific policeman to say no.

I take i t you rely upon the scientific community  and the public and 
the Congress in the light of knowledge of what was proposed or is 
going to be, to  apply the rest rain t at least in the first instance?

Mr. Falk. Yes, sir; tha t is correct, and also not to allow any 
exclusive military  research. There could be research with military 
participat ion, it seems to me, but  not research tha t was under the 
exclusive domain of the  military or other security-re lated agencies of 
the Government. All research should involve participa tion of civilian 
components, in other words, and all research, it  seems to me, should 
be subject to public scrutiny with possibly certain very exceptional 
circumstances jus tifying some kind of limited nondisclosure.

I can imagine certain things which i t would be better  for the w orld 
not to knowT and, therefore, I can see certain exceptions, circumstances 
where it might accordingly be appropriate to overcome this general 
bias in favor of openness.

Senator Case. We already have a lot of controlled research and 
secret research under  the Atomic Energy Act, of course. We have 
been going the other  way in this area as far as legislation goes. I 
think this is a very interesting and provocative suggestion and I 
apreciate it.

Mr. Falk. Than k you.
Senator Case. Thank you very much.
The hearing will be adjourned, subject to the call of the Chair.
(Whereupon, at 12:25 p.m., the subcommittee adjourned, subject 

to the call of the Chair.)





A P P E N D I X

M em be rs  of  Con gr es s fo r P eace  T hr ou gh  L aw,
Wa shing ton , D.C. , June 15, 1971.

Hon . M el vin R . L ai rd ,
Sec reta ry of  De fense,
Wa shington , D.C.

D ea r M r. S ec retary : We  ha ve  note d re ce nt  re port s th a t th e  Ai r Fo rce is 
us in g w ea th er  mod if ic at io n te ch ni qu es  to  wash ou t sect ions  of th e Ho  Ch i M in li 
Tra il.  At fir st glance , th is  ap pe ar s to  be a re la tive ly  ha rm less  de fens ive pr oje ct , 
bu t it  ca rr ies some d is tu rb in g im pl ic at io ns .

Usin g w ea th er  mod ifi ca tio n as  a  m il it ary  to ol  o pe ns  t he do or  to a vas t unk no w n 
ca tego ry  of war fa re . A '-h ou gh  te ch ni qu es  ar e pri m it iv e to day , ex pe rie nc e w ith  
o th er m il it ar y  sy st em s su gg es ts th a t re fine m en ts  in ev itab ly  will  com e.

At  pr es en t, we do  n o t know  th e  ecolo gica l co ns eq ue nc es  of su ch  ac tivit ie s.  
The  possi ble  re di re ct io n of st or m  ce nt er s pr od uc in g pr olon ge d dro ught co nd it io ns  
or  fo ster in g o th er ty pes of cl im at ic  ch an ge s, ho wev er , su gg es ts  aw esom e pote nti al . 
To  mo ve  in to  th is  are a  w itho ut  th e  m ost  pai nst ak in g  an alys is  of en vir onm en ta l 
im pl icat io ns  wou ld  be  m os t unwise.  In de ed , it  wou ld  be sc ient ifi ca lly  an d m or al ly  
wrong  fo r th e  U nit ed  S ta te s to  be co me th e  fir st nati on  to  use su ch  ca pa bil ity  fo r 
m il it ar y  pu rpos es .

Un les s th ere  is a cl ea r gov er nm en t po lic y to  th e  con tr ar y,  th e U nited  S ta te s 
m ay  find its el f ch ar ge d,  ri ghtly or  wrong ly , w ith  in it ia ti ng  a  new form  of w ar fa re . 
O th er  na tion s m ig ht  we ll ju st if y  w ar tim e w ea th er  or cl im at ic  a lt er at io n  ac ti v it y  
on  th e basis  of our in vo lv em en t in  th is  ar ea . U.S . m il it ar y w ea th er  m od if icat io n 
pr oj ec ts  co uld als o em bar ra ss  ou r sc ie nt is ts  en ga ge d in le git im at e research .

We feel  th e  A dm in is tr at io n s ho ul d di sc on tinue  a ny  w ea th er  m od ifi ca tio n op er a
tio n in a m il it ar y  e nvi ro nm en t.  We wo uld  ap pr ec ia te  be ing ad vi se d of th e  a dm in 
is tr a ti on ’s po lic y on  th is  qu es tio n as  we ll as  obta in in g th e  co m pl ete bac kg ro un d 
abou t Air  Fo rce w ea th er  al te ra ti on  ac tiv it ie s in In do-C hin a an d a ny o th er sim ilar  
pr oj ec ts  pl an ne d or  un de rw ay .

Sincerely ,
G il bert  G ud e,

Chairman, Committee on Wor ld Environm ent  and
In ternat iona l Coopera tion . 

Alan  C ra ns to n,
Vice-Chairm an, Com mittee on World  En vir onme nt

an d In te rn at io na l Coope rati on.

Off ic e of  th e Sec re ta ry  of  D efe n se ,
Wa shi ngton , D.C. , June 22, 197 1.

Hon . Alan C ra ns to n,
Vic e-chairm an,  Com mit tee on World En vir on men t an d In tern at iona l Co-opera tion, 

Mem bers of  Congres s f or  Peace through  La w,  Wa shing ton , D.C.
D ea r S en at or  C ranst on: Sec re ta ry  Lai rd  ha s as ke d th a t I ac kn ow ledg e

your  le tt e r of Ju ne 15 re ga rd in g w ea th er  mod ifi ca tio n te ch ni qu es .
You r le tt e r is re ce iv ing att en ti on  an d yo u will be ad vi se d fu rt her a t a la te r date . 

Sin cere ly,
J.  F.  L aw re nc e,

Br iga die r General, U SM C ,
Dep uty As sistan t to the Sec retary  fo r Legis lat ive  A ffair s.  
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D ir ec to r  o f  D e f e n s e  R esea r c h  and  E n g in e e r in g ,
Washington, D.C., Ju ly  12, 1971.Hon. Gilbert Gude,

Chairman, Committee on World Environment and International Co-operation, 
Members o f Congress for Peace through Law, Washington, D.C.

D ear Mr. Gude: Your lett er of June 15, 1971, which was addressed  to the
Secre tary of Defense, has been refer red to this office for reply. In your let ter  you 
expressed concern over reported mil itary use of weather modification techniques  
by the  Dep artm ent  of Defense.

The possibilities inherent in weather modification t echniques to supp ort  milita ry 
operations  have been the subject of discussion for more tha n 20 years. For a 
number of these years the  Depar tment  of Defense has been conductin g several  
modest research and development programs relating to various  forms of weather 
modification. These programs are carried out, in concer t with oth er Government 
Departm ents  and Agencies, under the  aegis of the  Interd epartme nta l Committee 
for Atmospheric Sciences (ICAS). The results  of the  programs are repo rted  
annually to ICAS, and are additionally reported in app ropriate scientific journals  
for consideration by the scientific community.

Weather  modification research on the  pa rt of the  De par tment  of Defense 
stem s princ ipally  from two major interests.  The first of these  is the enhan ce
ment of our  own operational posture thro ugh  weathe’’ modifica tion activi ties. 
Two examples of  this type of emp loym ent are:  The suppression  of hail and 
lightn ing (to reduce damage  to mil itary proper ty and  equipment, and  to increase 
safe ty of  opera tions) , and  the  dissipation  of fog at  airfields and  within  harbors 
(to enhance operational safe ty of airc raft  and ships).  The oth er inte res t is an 
underst and ing  of wha t capabilities our potentia l enemies may  possess in the 
area of wea ther  modification operations. For  example, the Soviets have demon
str ate d a technique for hail suppression.  Suitably designed arti llery shells are 
fired into cumulus clouds to reduce hailfall from those clouds. These exper iments  
are conducted  by Soviet mili tary  personnel using mili tary  equipment.

DOD research in this area  is conducted in the labo rato ry and  in the  field. 
The field efforts, usual ly joint ven ture s with  one or more oth er government 
agencies, are all carefully controlled  opera tions, based on the  bes t available 
theo retical knowledge. One example of fruitfu l field research has been the investi
gation of prec ipita tion augmenta tion . This research  has established a significant  
poin t: There is no known way to “make rain” under all conditions. When the 
proper meteorological conditions prevail (th at  is, when clouds capable of pro
ducing na tur al rain exist), it is a relat ively  simple ma tte r to increase the 
amount of rain  which will fall. The  amoun t of increase is frequently of the 
order of 30 to 50%. This aug menta tion  is well within the  na tur al limits of 
rainfa ll for regions within which experim ents have been conducted. Massive down
pours, far in excess of na tur al occurrences, have not  been produced, and theo
retica l knowledge at  hand indicates th at  this  will prob ably  always  be the case. 
Similarly, there  is no known technique which will permit  the  steering  of storm s 
into a specific area. The closest approach to large storm modifica tion thus  far  
att em pted is the Depar tment  of Commerce (NO A A)/Depar tment  of Defense 
join t effort known as Proj ect ST OR MFU RY . In this  project, stud ies are being 
made on ways to ameliorate the  maxim um wind speed in hurr icanes and ty 
phoons in order to reduce the  severity of damage caused by these  very  dest ruc
tive storm s.

The field capabili ties of the De partm ent of Defense have  been utilized on 
several occasions in att em pts  to alleviat e severe drou ght  condit ions. In 1969 at  
the reques t of the Gove rnment of the  Philippines, the  Depar tment  of Defense 
conducted a six mon ths’ precipi tation augm enta tion  project in the  Philippine 
archipelago. The Philippine Gov ernm ent considered the  under tak ing  so successful 
that  they have subsequently taken steps to acquire an inde pendent capa bility to 
augment rainfa ll on an annual basis when requi red. Simila rly, we have jus t com
pleted a one-month projec t in Texas a t the  request of the Governor of tha t Sta te. 
The operation  appears to have been moderate ly successful in alleviating Texas ’ 
severe water shortage. On the other hand , att em pts  to solve similar problems in 
India and at  Midway Islands were near or total  failures  due to the  absence of 
suitable  cloud formations.

Laboratory efforts conducted by the  Depar tment  of Defense are  designed in 
large part to explore the questions concerning the  ecology that  you raise in your  
let ter . Many of these  experimen ts are numer ical investiga tions  which utilize large 
computers to model the atmosph ere. Because of the  magnitude of the  problem, 
this effort is currently very much limi ted by the size and  capab ilities of existing
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computers. When new compute rs now being designed  are placed in service, 
however, we hope this  effort can be expanded to include models on a  global scale. 
Such work is being u ndertake n because DOD recognizes, as does your Committee, 
th at  large scale wea ther  modification operation s must no t be attem pte d unt il 
the re is full and reliable theo reti cal  knowledge which assures th at  such opera tions 
will not have an adverse effect upon the World’s clima te.

Regarding your question  of the  Adm inis trat ion’s p olicy toward wea ther  modi
fication,  the  Under Sec reta ries ’ Committe e, a t the  req ues t of Dr. Kissinger, is 
cur ren tly  meeting to form ula te a definitive National  Policy. Presumably this  
policy, when comple ted, will be announced to the  Nation  in some appropriate 
fashion .

The Depar tment  of Defense has no comment concerning the  repo rted use of 
weathe r modifica tion tech niques  in  Indo-China.

Sincerely,
J oh n S. F os te r , J r .

M e m b e r s  o f  C o n g r ess  fo r  P ea ce  T h r o u g h  L aw ,
Wash ington, D.C ., October 15, 1.971.

Hon. M elv in  R. L a ir d ,
Secre tary of Defense,
Wash ington, D.C.

D ea r  M r . S e c r e t a r y : In  a let ter  dated  J une 15, we w rote requesting specific 
info rmation regarding the  use of wea ther  modification techn iques by the  Air 
Force  o r other U.S. agencies in South  Eas t Asia.

Dr. John S. Foster, in his reply  July 12, gave us useful da ta concerning the 
development for such tech niques, bu t failed to direct his comments specifically to 
our  request.  We find his decision to with hold  informat ion with  a “no comment” 
unsatis fac tory  a nd inappropr iate .

In par ticu lar,  we would like answers  to the following ques tions :
What types of weath er altera tion programs are conducted in South East Asia? 

Under  whose a uth ori ty?  In  which countries? Do these  count ries have  knowledge 
of and give approval for these activ ities?  IIow long have  these  program s been in 
force, operationally and exper imentally?

How many people are  involved and wha t are the  total  yearly costs associated 
with these  activi ties?

What is the nat ional policy  regard ing the  use of weather  modification in a war 
zone or as a mili tary  tact ic? Who establ ished  this policy and  how is it reviewed 
for specific projects?

As you know, there has been increasing concern among our  colleagues abo ut 
excessive classification of info rmation—a concern which we share  par ticu larly in 
rela tion  to a policy as pot ent iall y dangerous and  counterproductive as weather 
alte rat ion . Since we assume th at  the  information reques ted would not  be  of such 
a sensi tive nature  as to wa rrant the  invoking of Execu tive privilege by the Presi
den t, we do expec t a  complete reply.

We rem ain deeply concerned abo ut the  disturb ing  implications of these activi
ties and would be pleased  to cooperate with the  Adm inis trat ion in developing 
national  policy in  this  area.

Sincerely,
G il b e r t  G u d e , Bfl

Chairman, Committee on World Envi ronment
and  Internationa l Cooperation.  

A la n C r a n sto n ,
Vice -Cha irman, Committee on World Environment

and  Intern ational Cooperation.

D ir e c t o r  o f  D e f e n s e  R esea r c h  and  E n g in e e r in g ,
Washington, D.C., December 8, 1971.

H o n .  G il b e r t  G u d e ,
Chairman , Committee on World Envi ronment and Intern ational Cooperation.
H o n .  A la n C r a n sto n ,
Vice-Chairman , Committee on World  Env ironment and Int ern ationa l Cooperation, 

Members of Congress fo r Peace through Law , Wash ington, D.C.
G e n t l e m e n : This is in response to your le tte r of 15 October 1971 to the  

Secreta ry of Defense, where in you express dissa tisfaction  with  my earlie r answer 
to your inquiry regarding  our activ ities  in  the  field of wea ther  modification.
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Certain aspects of our work in thi s area are classified. Recognizing th at  the 
Congress is concerned with activities which bear  on the  qua lity  of our  environ
ment I have, at  the  direction of S ecretary Laird, seen to it th at  t he  Chairmen of 
the  Committees of Congress with  prim ary responsibili ty for this Depar tment ’s 
operation s have  been completely inform ed regard ing the  detai ls of all classified 
weather modification undertakings by the  Dep artm ent . However , since the  in
form ation  to which I refer has a definite relationship to nat ional secu rity  and is 
classified as a result , I find i t necessary to respec tfully  and regretful ly decline to 
make a public  disclosure of  the  deta ils of these activitie s at  this  time.

Sincerely,
J ohn S. Foster, J r.

Members of Congress for P eace through Law,
Washington, D.C., Jan uar y 27, 1972.

T he P resident ,
The White House,
Washington, D.C.

Dear Mr. President: We are concerned th at  the  United Sta tes is experi 
men ting with  weather modifica tion as a mili tary  tac tic  in South East Asia. I t is 
our belief t ha t this program is extreme ly volatile  and bears with  it the  possibili ty 
of considerab le emba rrassment.

Using  weather modification as a mil itary tool opens th e door to a vast  unknown 
category of warfare.  At prese nt, we s imply do not  know the potent ial ecological 
consequences of such activ ities . Although techniques  a re prim itive  today,  experi
ence with  other milit ary systems sugges ts th at  refinements inevita bly  will come.

We recognize th at  c ivilian research  in the  wea ther  modification field has great 
merit . The  world’s food problem remains critica l and  we must learn  to manage 
our  environ men t productive ly, ye t with out  harm. That is no justi ficat ion,  how
ever, for the  unilateral milit ary use of th is technology. Fur thermo re, to contin ue 
the  bulk of w eather research under mili tary  auspices is an u nwarrant ed intru sion 
into the scientific comm unity . If other nations soug ht to make an issue of our 
actions, it could prove highly  em barrassing to our own scient ists.

The use of mi litary  weather modif ication reminds us of the  early  use of defoliants 
and  herbicides in Vietnam. Then, as now, we had litt le knowledge of the long- 
range  environmen tal or politica l implications . There seemed to be no clear cut 
nat ional policy and  as a resu lt the  U.S. was severely  criticized.

We hope th at  you will see fit to review the  present activ ities in Indochina and  
establish an  announced policy prohib iting the  future  use of environmen tal warfare. 
We would be pleased to  coopera te with  you in th is ma tte r and offer any  assis tance 
th at  you might deem app ropriat e.

Sincerely  yours,
Gilbe rt Gude,

Member of Congress,
Chairman. 

A la n  C r a n sto n ,
U.S. Senator,

Vice- Chairman.

T he Whjte H ouse, 
Washington, February 1, 1972.

Hon. Gilbert Gude,
House of Representatives,
Washinglon, D.C.

Dear Gil : This will acknowledge  your let ter  of Jan uary 27 in which you were 
joined by Sena tor Cranston, on behalf  of the  Members of Congress for Peace 
thro ugh  Law, in urging th at  wea ther  modifica tion techn iques not  be used as a 
mil itary tool in Southeast  Asia. You may be assured your  le tte r will be brou ght  to 
the  President ’s att ention and also shared with  the  app rop ria te members of the  
staff.

With  cordial regards,
Sincerely,

William E. T immons, 
Assis tant to the President.
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T h e  S ec r eta r y  o f  D e f e n s e ,
Washington, March 18, 1972.

H o n .  G il b e r t  G u d e ,
House of Representatives,
Washington, D.C.

D ea r  M r . G u d e : Your let ter  of 27 J anuary 1972, signed by you and  Sen ator 
Crans ton, addressed to the  President,  has been referred to ine for reply. In  your  
let ter  you expressed concern w ith th e possible mi litary use of weather modifica tion.

The Depar tme nts  of Commerce and Inte rio r to gether  with th e Nat iona l Science 
Foundat ion have the majo r por tion of the nationa l weather modification programs. 
The Depar tme nt of Defense has no unique wea ther  modificat ion tech niques nor 
is its program of research large in comparison to the  tot al Federal effort.

Some aspects of our  work in this  area  have a definite relationship to nat ional 
secur ity and are classified accordingly. The Chai rmen  of the  Senate and  House 
Appropriations and Armed Services Comm ittees  have been fully informed on 
these classified aspects. »

Sincerely,
(Signed) M elv in  R. L a ir d .

M em b er s  o f  C o n g r ess  fo r  P ea ce  T h r o u g h  L aw ,
Washington, D.C., March 81, 1972.

T h e  P r e s id e n t ,
The White House,
Washington, D.C.

D ea r  M r . P r e s id e n t : Since las t Ju ne I have corresponded with  various officials 
o f  your Adm inis trat ion regarding mil itary appl ications of weather modification. 
Secre tary Laird  has informed me, however, th at  this subject is classified due to its 
sensitive nat ional security implications .

With science progressing at  a  geometric rate, it will no t be long before the  ca
pabi lity to a lter w eath er or even specific climates is an accep ted fact. Long before 
then  we must  consider the  envi ronmen tal and  politica l as well as mili tary  conse
quences of th is new technology. It  will be fa r easier to deal with this problem now 
rather t han later .

I would hope t hat  you  could review the  wea ther  modification program to  d ete r
mine if it  can be declassified. If U.S. projects are exclusively defensive in nature , 
then  th at  should be made  known. If not, there is serious question about the  pro
prie ty of this  activ ity .

More important , however, I would recommend th at  the Depar tme nt o f Defense 
issue a “ no fir st use” proclamat ion regarding the  offensive employment of envi ron
men tal warfare . Perh aps this could be incorporated into a carefully prep ared  inte r
national tre aty ini tia ted  by this  Adm inist ration.

Your leadership  in th e field of chemical-biological warfare offers the bes t possible  
model for this proposed tre aty . Both CBW and weather modificat ion have  serious 
command and  contro l problems and if used, would be indiscriminate.

It  would seem logical th at  the issue of weather modification should be brough t 
before the Conference of the Committe e on Disarmame nt in Geneva. This  step  
would again dem ons trate the willingness of the U.S. to take leadership on arms 
control  questions.

Sincerely,
G il b e r t  G u d e ,

Chairman, World Environment and 
International Cooperation Committee.

T h e  W h it e  H o u s e , 
Washington, A pri l 4, 1972.

Hon. G il b e r t  G u d e ,
House of Representatives,
Washington, D.C.

D ea r  G i l : In Bill Timmons’ absence, I wish to acknowledge and  than k you 
for your  lette r on behalf  of Members of Congress for Peace through  Law sugges ting 
th at  the sub ject  of the  mili tary  application of weath er modification be place d on 
the agenda for discussion at  the Conference of the Committee on Disarm ament  
at  Geneva.
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You may be assured your lett er will be brough t to the  Pres iden t’s a ttention 
and also shared with  the appropr iate  members of the  staff.

With  warm regards,
Sincerely,

R ic hard  K. C o o k , 
Deputy Assis tant to the President.

[From Science magazine, Vol. 176, June 16,1972]

R a in m a k in g : R umore d  U se  O v e r  L ao s A la rm s A rm s E x p e r t s , 
Sc ie n t is t s

(By Deborah  Shapley)
For  the past year, rumors and speculation, along with  occasional  bits of cir

cum stan tial  evidence, have accumulated in Washington to the  effect th at  the 
mil itary has tried to increase rainfa ll in Indo china to hind er enemy infilt ration 
into  Sou th Vietnam—in effect, using the weather as a weapon of war. ISut Pentagon 
officials have been extremely tigh t-lipped abo ut it, even to prom inen t members 
of Congress, and  it  appears  tha t the old saying is now turne d a round:  The generals 
are probably  doing something abo ut the  weather, bu t nobody’s talk ing  about it. 
The Pentagon Papers makes references to such activities as having been successful ly 
carried out  in Laos, and a Jack Anderson column in the Washington Post a year 
ago described  a top-secret  opera tion over  the  Ho Chi Minh  trail.

The only denia l so far has come from Depar tment  of Defense (DOD) Secre tary 
Melvin It.  Laird in congressional test imony. However, all Laird denied was the 
use of weather control “over North Vietnam ,” and, since the  Anderson column 
and  The Pentagon Papers concern Laos and  the Ho Chi Minh  trail,  which runs 
thro ugh  Laos and  Cambodia,  no real answers to the speculations have been 
provided.

The DOD has  a dm itte d th at  various forms of climate modifica tion have been 
considered by the  mili tary  for more than  20 years. A well-known geophysicist 
formerly with  DOD’s Insti tute for Defense Analyses, Gordon J. F. MacDonald 
(who now sits  on  t he  Council for Enviro nmenta l Quality) , wrote a Cassandra-like 
chapt er on potent ial  geophysical warfare in 1968, which described control of 
rainfa ll, drough t, earthquakes, and  even possible tinkering in the  Arct ic.1 The 
Indochina allegations are lim ited to charges t ha t the  DOD has augmen ted rainfa ll 
to muddy up trai ls, thus hinder ing the  flow of men and  vehicles to the  south , 
bu t some scientists and  arms experts regard even thi s l imited activity as a  camel’s 
nose unde r the  geophysical ten t.

The  issue has an important scientific dimension, tco, for meteorology is one of 
the  most inte rna tional ly minded of all scientific fields. Many prom inen t U.S. 
meteorologis ts have for years favored a ban on mili tary  uses of wea ther  control . 
Describ ing t he ir reactions  even to the  possibi lity th at  these techn iques h ave  been 
used, they use such words as “dis tressed,” and “ap palle d.” The y ad d t ha t weather 
control in Indoch ina  could hu rt inte rna tional , peaceful wea ther  research. Hence, 
the  issue of whethe r the  DOD has been, or might be, seeding clouds over  Asia 
holds impl icatio ns beyond the  horizons of Indo chin a alone.

The  only dire ct evidence  t ha t wea ther  modification techniques have  been used 
in Indo chin a comes from some references in The Pentagon Papers which indic ate 
th at  the  Joint  Chiefs of Staff (JCS) , prob ably  in 1966, had  rainfa ll exper iments 
conducted over  Laos “successfully.” In 1967, the  JCS urged President Lyndon 
B. Johnson to auth orize an ope rationa l wea ther  program with  the  innocuous 
name of Operation POP EY E as a means of escalat ing the  war. According to the 
Gravel edition of the  papers,  volume 4, page  421, the  JCS suggested to Johnson 
in a  memo th at  th is migh t be  one way of widening the  war w ith minimal political 
repercussions at  home.2

4. LAOS OPERATIONS—Continue  as at  p resent p lus Operation  POP E YE  to 
reduce traffi cabil ity along infil tration routes.

Authority I Policy Changes—Authoriza tion  requ ired to impleme nt operational 
phase of weather modification process p reviously successfully t est ed  and ev aluated  
in same area.

1 G. J. F. MacDonald, “How to wreck the  enviro nment ,” in Unless Peace Comes: A  Scientific Forecast 
of New Weapons, Nigel Calde r, Ed. (Viking Press, New York, 1968).

2 The Pentagon Papers: The Defense Department History of United States Decisionmaking on Vietnam (Bea
con Press, Boston,  Mass.), vol. 4.
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Risk sllm pact— Normal mil itar y operational risks. Risk  of compromise is 
minimal.

Again, on 21 Feb ruary 1967, the  Pres iden t was handed  a “shopping list ” of 
escalation  proposals recommended by the  JCS  and  app are ntly writ ten by John 
McNau ghton of the  Office of Intern ational Security Affairs in DOD. Volume 4, 
page 146, lists among the  recommendat ions:

8. Cause interdic ting  ra ins in o r near Laos.
The n arrative tex t summarizes the r est of the  memo:

The discussion section  of the  pap er dealt  with each  of the  eigh t specific opt ion 
areas  notin g our capabil ity in each  instance to inf lict heavy damage or complete  
des truc tion  to the  facilitie s in question.

Evidently , the JCS considered weather modif ication  worthy  of consideration  
as one way of waging war.

Some who have been closely associa ted with The Pentagon Papers study,  
asked abo ut these  references, pointed out t hat  the study  was compiled by civilians 
with  rela tive ly little  knowledge or da ta on day -to-day combat opera tions. They 
say it is reasonable to infer th at  th e relat ively  few references to wea ther  modifica
tion activitie s in The Pentagon Papers a re no clue tc the  actual  extent of military 
wea ther  modification operatio ns.

The  other evidence th at  rain fall  aug menta tion  might still  be going on is cir
cumstan tial . On 18 March 1971, the  well-known synd icated columnist, Jack  
Anderson, in his column in the  Washington Post, claimed th at  the  Ho Chi Minh 
trai l, which runs thro ugh  both Laos and Cambodia , had been seeded by the  Air 
Force since 1967 (the date of JCS recomm endations  listed in The Pentagon Papers). 
In par t, Anderson wrote :

The  hush-hush  project, known by the  code name “Inte rmediary -Co mpatri ot,” 
was sta rte d in 1967 to ham per  enemy logistics. Those  who fly the  rainm aking 
missions believe they have increased the  precip itat ion  over the  jungle roadw ays 
during the  wet seasons.

. . . These asser tedly  have caused flooding conditions along the  trails , making 
them impassable.

The  IIo Chi Minh  tra ils will get the ir nex t monsoon ba th  from May to Sep
tember . . . . Only those with top secu rity  clearance knew, unt il now, th at  natur e 
would be assisted by t he  U.S. Air Force.

Anderson was alleging th at “Inte rmediary -Com pat rio t” would be going on 
from May to September  1971. The  Pentagon has never confirmed or denied the  
charge. Its response, in fact,  has been to say th at  the  answers are classified—a 
sta tem en t th at  leads some l iberal congressmen to conclude they mus t be doing it . 
John  S. Foster , Director  of Defense  Research a nd  Engineer ing (DR & E), replied 
in an almost iden tica l fashion to wri tten  queries  from Sena tor Claiborne Pell 
(D -R.I.) , Senator  Alan Crans ton  (D-Cal if.), and Rep rese ntat ive Gilbe rt Gude 
(R-Md .).

Cer tain  aspects of our  work in this area [weather modification] are classified. 
Recogniz ing th at  the  Congress is concerned . . .  I have, at  the  direct ion of Secreta ry 
Laird seen to it th at  t he  Chairmen of the Committees of Congress with prim ary 
responsibi lity for this  De partm en t’s operations have been complete ly informed 
regarding the detai ls of all classified wea ther  modification undertak ings  by the  
Depar tment . However, since the  info rmation to which I refer has a definite 
relat ionship to nat ional securi ty and  is classified as a resu lt, I find it  necessary 
to respectful ly and  regretfu lly decline to make a public disclosure of the  deta ils 
of th ese activ ities  at  th is time .

Pell will try  to get some elab orat ion on this sta tem ent from DOD when he 
holds hearings on  a  d raf t t re aty banning environm enta l modifications for m ilita ry 
purposes. However, so far, Lai rd is the  only DOD official who has been asked 
poin t-blank  whether the  mil itar y is modify ing weather in the  war. In April, 
Senator  J. William F ulb right (D-Ark.), aske d him abo ut it, although th e quest ion
ing was limited to No rth  Vietnam.

Fulbright : “. . . In  oth er words, you have never engaged  in the  use of this, 
whatev er it may be, weather control, alth oug h you have a capa bility of it. Is 
th at  the  reason?”

Laird : “ We have never  engaged in th at  t ype of a ctivity over North Vie tnam .”
Although it sounds harmless, in Indochina, rainfall augmen tation can have  

key mil itary and tac tical advanta ges . The purpose of cloud seeding would be 
to muddy  up the  hundred s of tra il networks which wind southward and  east
ward  thro ugh  Laos and Cambodia, providing vital links between  North Vietnam 
and  China, and South  Vietnam. Impeding the  traffic of men and  mate riel which
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flows constan tly thro ugh  this  jungled, often  mountainous terr ain  has been the 
key objec tive of the  United Sta tes ’ billion-dollar bombing campaigns since 1965.

But a flood can mess up a road  or pathway as much as a bomb explosion can. 
Moreover, it is much  cheaper, and highly covert. Scien tists say th at  only if the  
Laotians and  Cambodians  took extens ive samples of rainwater and systema tica lly 
tes ted  them  for trace elements,  could they  actua lly prove t ha t the normal rainfall  
had  been artific ially  increased.

Moreover, this form of weather modification is equa lly cove rt to the  side em
ploying it. According to civilian scientists, a cloud-seeding plane  can be any  typ e 
of plane. It  needs little  special equ ipment,  and  35 to  100 pounds  of s ilver iodide 
for a 6-hour seeding mission. Even if equipped with racks for the  dropping of 
pyrotechnic flares—one technique for seeding—a weather modifica tion plane 
would look the  same as a reconnaissance plane which drops  similar flares. Not 
only would the  Laotians have a difficult time discovering our  cloud-seeding 
activ ities,  Americans would have difficulty too.3

One of the  most eminent of DOD’s weather scien tists is Pierre  Saint -Amand, 
who is head of th e Ea rth  and Planet ary  Sciences Division of th e Naval Ordnance 
Laboratory,  Naval Weapons Center , China  Lake, Californ ia. He says th at  the 
alleged use of cloud seeding in Indo chin a is “outside of my abi lity  to answ er.” 
Like other  I)OD spokesmen on th e sub ject  of w eather modification, Saint -Amand 
is eager to point ou t th at the Soviet  Union is doing extensive w eather modification 
research.

As to the  potent ial of cloud seeding for impeding infil trat ion routes, Saint-  
Amand said, “I  don’t th ink  using wea ther  to  discourage people from moving is a 
bad thin g to do. If you estimate the amoun t of damage done by impeding some
one’s transp ort ation , versus blowing them up or burning them  up, I d on’t thin k it 
is so immoral. ” In effect weather is no less humane a weapon t ha n bombing and 
gunfire.

Civilian meteoro logists, however, t en d to be far more cautious ab out the  efficacy 
of current  weath er modification techn iques.  They  say, anxious ly, th at  in few cases 
can cloud seeding be actual ly proved to  work, The DOD, for example,  claims tha t 
a c loud-seeding projec t over Texas during a drought was successful because heavy 
rainfal l followed the  seeding. However, fince the rain fell in many areas besides 
those  seeded, the re is no way of knowing whether th e rainfall would have occurred 
anyway, and in w hat amounts.

Civilian wea ther  scien tists almost universal ly f avor  limiting  or banning  mi litary 
operation s in which weather modifica tion techn iques are used, and t hey  can point 
to a fairly long histo ry of recommending same. In 1971, a National Academy of 
Sciences (NAS) study of the future of the atmospheric  sciences resolved t h a t: 4

The U.S. Gove rnment is urged to present for adoption by the United  Nations 
Genera l Assembly a resolution dedicating all wea ther  modification efforts to 
peaceful purposes and establish ing, prefe rably  within the framew ork cf inte rna 
tional nongovernmental scientific organizations, an advisory  mechanism for 
consideration of weather-modification problems of po ten tia l internatio nal  concern 
before they reach critical  levels.

One of the  most prominent  meteorologists is Thomas F. Malone, of the  Uni
vers ity of Connecticut, who is chairman of the  NAS pane l on weather 
modifica tion of the academy’s Committee on Atmospheric Sciences and one 
organ izer with  the  World Meteorological Organ ization of the United  Nations  
of the  Global Atmospheric  Resea rch Program (GAR P).  Malone says, “I have 
made speeches for 10 years saying we should get together and  do this  work 
inte rna tional ly before it got to the  poin t of being operational. Otherwise we 
will face horrendous  politica l problems . . . pu tting  the genie back into the 
bo ttle.”

Joanne Simpson, who has made cloud modifica tion experiments at  the Ex
perimen tal Meteorological Laboratory  of the Nation al Oceanographic  and 
Atmospheric  Administ ration (NOAA), was asked how she would react to seeing 
the  resu lts of her work applied in warfare.  She said, “I  would be grieved to 
see my work used for milit ary purposes because I got involved in this kind 
of work to do useful things, not  dest ructive  things.”

And Joseph Smagorinskv, a NOAA meteorologist who has modeled climate 
and weather and  who is on the  execut ive comm ittee of the GARP organizing

3 Th e civilian  experiments which would paralle l this act ivity are reported i n “Seeding Cum ulus  Clouds 
in Florida: New 1970 Results” by Joanne Simpson and William L. Woodley (Science, 9 April 1971). See 
also Science, 7 May 1971, for a general review of weather  modification progress.

• The Atmospheric Sciences and Man's Needs: Priorities for the Future, Recommendation II I—6, Comm it
tee on Atmospheric Sciences, National Research Council (Nat iona l Academy of Sciences, Washington, 
D.C ., 1971) p. 61.
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committee, expressed stronger opposition: “These programs are a coopera tive 
effort of many  nations, and each gives up a certain amoun t of auto nom y to 
work together,”  he said. “If they felt this would be used aga inst  them , there 
would very  definitely be a cooling off.” Smagorinsky pointed out th at  one pa rt 
of the GARP plan will put  abo ut 20 ships and  10 to 15 airplanes ove r the  
Atlan tic working togethe r. They will come from many countries, including the  
United States and the  Soviet  Union. If it turns ou t th at  the  United  Sta tes  
has mili taris tic uses for weather modification, “th is sort  of thing would drop 
dead.  It  would undo  everyth ing th at  science has been able to do. It  would 
have absolutely  trag ic effects.”

Walte r O. Robe rts, dire ctor  of the National  Cen ter for Atmospheric Researc h 
in Boulder, Colorado, takes a more conservat ive view. “I  thin k it very unlik ely

* th at  deliberate wea ther  modification is a par ticu larly effective weapon,” he said . 
“I ’m very concerned abou t inte rnational, ina dvert ent wea ther  modification as a 
result  of pollu tion;  I don’t consider meteorological  use in warfare  as much of a 
threat. But if you  could visi t a hurricane  on somebody, I would be very opposed 
and  consider it very serious.”

♦ Concern over the  mil itary aspects  of wea ther  modifica tion has been expressed 
by a number of defense specialists and  arms  control exper ts. Many see a  para llel 
with chemical and  biological weapons, which have similar  ina dvertent  effects on 
environment, and  also affect both soldier  and  civilian. Leslie Gelb, now of the  
Brookings Ins titu tion, who directed from with in DOD the 47-volume Pen tagon 
study of the war, which was late r leaked as the Pentagon Papers,  said, “ My 
instinctive reac tion to the  use of this kind  of technique is negative.  Like chemical 
and  biological weapons, it deals in an area th at  would become essentially  un 
controllable. But I have  no categor ical answer on it because I don’t know enough 
of the  scientific aspects.”

Representat ive Gude, who with  Cranston, has att em pte d to find ou t abo ut 
Indochina wea ther  control for over a year and has never even been offered a 
DOD classified briefing, says, “There ’s a  sim ilar ity between chemical and  biologi
cal weapons and wea ther  control.  You could have a snowball ing effect in both 
cases, an effect on na tur e over which you lose con trol .”

Mat thew  Meselson, professor of b iology at  H arvard , and a long-time con sul tan t 
to the  Arms Contro l and Disarmament Agency, who is identified with the success
ful campa ign to ban  biological warfare, was asked about the  parallel to chemical 
and biological warfare. He said, “First, I have no knowledge one way or  th e oth er 
as to whether the United  St ates  has engaged in weather modificat ion in connection 
with mil itary  activi ties in sou thea st Asia.

“However, it  is obvious th at  w eather modification used as a weapon of war has 
the potenti al for causing large scale and  qui te possibly uncontrollable and un 
predictable des truc tion . Furtherm ore,  such des truc tion  might  well have a far  
grea ter imp act  on civilians tha n on com batant s. This  would be especial ly true 
in areas  where subsi stence agricultu re is pract iced, in food deficit areas , and  in 
areas  su bject to flooding .”

Leonard S. Rodberg, a fellow of the In sti tu te  for Policy  Studies who assis ted in 
publishing the Gravel Pentagon Papers, said, “ I don ’t thin k we have a right to 

r experiment on other people. I t ’s a st andard issue which in medical terms would be
called informed consent.  T he people in th at  area [Indochina ] are totally  dependent 
on the weather for the ir livelihoods. If we change the  pa tte rn we des troy  the ir 
abi lity  to exist. We’ve done it not  only with weather modification bu t with de
folian ts and herbic ides.”  Rodberg adds,  “I t ’s quite clear th at  many  kinds  of ex-

• perimen tation have been permit ted  in Indochina. So long as it ’s no t a large ope ra
tion th at  would get a lot of publicity,  any thing can be done.”

Most  of those queried favored some sor t of ban on mili tary  uses of weather 
modification technology. Bu t Adrian S. Fisher,  dep uty  director  of the Arms Con
trol and Disarmament Agency from 1961-1969, now dean of the Georgetown 
University  Law School, says, “Weather modification is reallj ’ an  appr opr iate sub 
ject , no t only for an arms  contro l agreem ent, bu t for a peaceful uses agreem ent ,” 
which would “regula te allocation  of resources in such a way as to recognize its  
good qualit ies as well as its bad ones.”

Final ly, ano ther well-known arms control specia list, Herbe rt P. Scoville, Jr ., 
favors  a ban on wea ther  modif ication’s mil itar y uses. “I would strongly supp or t 
any sta tem ent  th at  we ought  to ban  the use of wea ther  modifica tion for mi lita ry 
purposes and seek an inte rna tional  agree men t on t his.

“At some stage of the game, somebody may star t doing it—even if i t’s n ot  go
ing on now. To me it  is a terrible way to be using science.”
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Technology in  Vietnam : F ire Storm Project F izzled Out

(By Deborah  Shapley)
The Advanced Research Projects Agency (ARPA), which is att ached to 

the De partm ent of Defense (DOD) made at  leas t three att em pts , in 1965, 1966, 
and 1967, to ligh t what defense planners  term ed “tire sto rms’’—the  name used 
to describe the World War I I holocausts a t Ham burg, Dresden, and  elsewhere—in 
some of South Vie tnam ’s most valuable  tim ber country . All three att em pts , 
however, fizzled o ut.  One may have  even caused rainfall ins tead of a big forest fire.

The att em pts were known by such euphemistic  names as Sherwood Forest,  
Hot Tip, and  Operation  Pink Rose. The y took  place in the Mekong Terrace  
section  of South Vietn am—a central plains area which contains severa l luxu ry 
timbers, such as mahogany and rosewood, and half of South Vie tnam ’s sawmills. 
Timbering is said to be one of the few indu stries th at  could develop  into prime 
importance for the  South Vietnamese economy. Nonethe less, experts from the  
U.S. Depar tment  of Agriculture (USDA) were called in by ARPA to advise on 
how to effectively burn the  forests. The proje ct’s budget was on the  order of $1 million.

Mil itary sources say  th at  the  att em pte d jung le fires took  place in areas where 
there were no “perm ane nt type villages ,” alth ough they allow th at  Viet Cong 
supp ly depots and  base camps were in the  woods. But  Senator  Gaylord Nelson 
(D-Wis .) views the fire projects as pa rt of the U.S .’s “cal lous” and “unprecedented 
environmental war fare ” which has involved “an  outrageous use of technology.”

The USDA fire service role in the  project was led by Craig Chandler, a fire 
storm expert who is now director of fire research for the Forest Service. The fire storm project is also discussed in a classified paper,  obta ined  by Science, written 
by Arthur F. McConnell, Jr., a lieu tena nt colonel in the Air Force who was involved with  the  Ranch Hand defoliation missions.

Two reasons were given for the project. One was tha t, by creating a fire which 
would “crown,” th at  is, burn out  defoliated tops  of trees, the fire would remove 
layers of jungle  canopy  and make reconnaissance  from the air more effective. A 
second reason was t ha t a large-scale jungle fire which reached the  t ree tops would 
also des troy  the  ground cover and make concealment and camouflage by the enemy 
from U.S. bombing strikes or ground att ack impossible.

Fire storm s can be many times more dangerous than regular fires; they have 
occur red acciden tally  in forests in the American West, as well as in Australia and  
sou thern Fran ce; they also occurred in urban areas, including Dresden  a nd Ham
burg, and  on at  least two occasions in Tokyo during a  1923 ear thquak e and du ring  bombing raids in 1944-1945.

In a fire storm, the  a rea of intense burn ing sucks in oxygen at  such a rat e th at  
high-speed,  cyclone-like ground winds are created, blowing into the fire a t speeds 
which may  exceed 100 miles an hour. The Ham burg fire chief, fo r example, rep ort 
ing on the fire s torm of July 1943, said th at  many people died from the intense 
heat even though they were located 150 meters from the nearest  burning bu ilding.1

Both  McConnell's classified paper (which was late r sanitized and published in 
the  Air University Review ’) and AR l’A officials used the te rm fire storm to desc ribe 
the burn ing projects in Vietnam. Chandler says he was asked on a number of 
occasions du ring  the opera tion of the  p roject whether  a fire storm could be ignited  
in the humid, tropical jungle. Although light ing a fire storm mig ht be feasible under 
certa in conditions in te mpe rate  areas , such as t he  western United States, Chandle r 
said he told the mil itar y it was not feasible to do so in the jungle.

Nonetheless, the  fire storm projec t, as it  came to be known, was s tar ted  under 
ARPA author izing  order 818. Its  final reports are all classified, although some press 
reports appeared  at  the  time of the att em pts . Chandler said he was willing to be 
interviewed only abou t those aspects  of the  project which he had already seen appear  in unclassified publica tions.

The project began at the  request of CIN CPAC, the office of the  Commander in 
Chief of the Pacific which runs opera tions in Vietnam. Chemical defoliants were 
then coming into use in the  war. However, the  jungle  canopy, which can extend 
upward in tiers to a height of 100 feet  from the ground, was n ot tra nsp are nt 
enough a fte r defoliating missions. An ARPA spokesman said, “The question posed

’ “ Field notes on World War II  German fire experience,”  tit le of contract No. N228(62479)-65419 to Carl  F. Miller and James W. K err, October 1965, Stanford Research Insti tu te,  Menlo Pa rk,  Calif.2 The sanitized version w as pu blish ed as: A. F. McConnell, Jr ., “Mission: Ranch Ha nd ,” Air  Univ. Rev  21, 89 (1970).
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by  CIN CPAC  was: couldn’t we b urn  the  jungle  area  in the  so-called ‘hot zones’ 
of infil trat ion?”

ARPA hired  the  fire resea rch section  of the  USDA Fore st Service to carry 
ou t the  order,  and offered the  support of its 25-member field un it which had 
been sta tioned in Vietnam since 1961. The USDA did some prel iminary research, 
then particip ate d in the first “field te st ”—as ARPA calls it —in the  Boi Loi 
woods near  t he  Iron triangle near Tay Ninh  c ity.  The area  is due west of Saigon, 
close to the  Cambodian borde r. As in all the  fire storm  a tte mp ts,  a t the  beginning 
of the dry  season Ranch Hand crews defolia ted the  area,  the  dead leaves were 
permit ted  to dry  out  for a period, thus prep aring the  fuel supp ly. Then ignition  
was att em pte d. Hence, in April or May of 1965, a section  of the  Boi Loi woods 
was ignited. According to McConnell’s paper, the project, “Opera tion Sherwood 
Fores t,” w’as “a massive at tempt  to burn ou t a defolia ted section of the  Boi 
Loi woods in  the  hope of denying the  enemy an extremely v ital  base camp are a.”

Unfortunate ly, it was rain ing on the  day  the field un its tried to light the  fire. 
The lighting at tempt  went ahead, bu t noth ing happened because of the  rain. 
The failure to ignite the woods under the  r igh t weather conditions was the  reason 
a second at tempt  was made a year late r.

Chandler recalls two subsequent major attem pts , bu t McConnell’s pape r 
implies th at  the re may have been more. “I t is inte rest ing to no te,” McConnell 
wrote before the  Air Force censor deleted the  passage, “tha t during this period 
and for the  next year, severa l ‘fire sto rm ’ projects  similar  to the Boi Loi woods 
effort were made  in conjunct ion with  the  Vietnamese Air Force.” Asked abo ut 
this,  ARPA officials noted  th at  one of the  jobs of the ARPA field un it was to 
transfer technica l skills to the  Vietnamese; however, the officials dou bted th at  
the incendiary technology was e ver successful enough to be passed along to U.S. 
allies.

The second major burn ing att em pt , code named Hot Tip, was made much 
far the r nor th, in the Chu Pong Mountains, abo ut halfway between  the  South 
Vietnamese cities of Pleiku and  Kon tum. Ran ch Band crews again defol iated  a 
fores t trac t probably less t ha n 30 square  miles in a rea. Chandler recalls th at  the 
fire was lit sometime in e ithe r Jan uary,  February, or early March of 1966.

“ This  one w asn’t done in the ra in ,” says Chandler. “ It  was more successful than  
the first  a tte mpt . We recommended some changes afterward , which is why there  
was a  thir d at te m pt .” Later,  an Associated Press acco unt term ed this at tempt  an 
“ incen diary  ra id” made by “ tac tica l bombers .” According to oth er sources, the 
fire burn ed pa rts  of the fores t and ground cover, bu t failed to continue burning, 
or to  spread.  One reason,  of course, was the high humidity  of the jungle. The  oth er 
was a ppare ntly the  tem perature andzwind conditions.

The thi rd and  b iggest att em pt,  code named Operation Pink Rose, took place  in a 
Viet Cong stronghold northeas t of Saigon near  Xuan Loc, in Feb rua ry or early  
March  of 1967. T he area  stake d o ut for burn ing was probably 30 square miles. In 
this case, althou gh wea ther  conditions were perfect , the fire was followed by a 
rainstorm which pu t it out . Some ac counts say that  the fire may have  caused  the 
rain storm. Thus , all three  of the att em pts  were considered failures.

According to McConnell’s original paper,  in a passage th at  was lat er  sligh tly 
alte red: “ One of the  highlights of this period [early 1967] was Ope ratio n ‘Pink 
Rose ,’ the  third  jung le-burning pro ject  carried ou t by Ranch Hand crews. In 
sup port of th is project,  the squa dron flew approx imately 225 sorties a nd delivered 
over a quarter-mill ion gallons of herbicide on selected target areas  in War  Zones 
C and D.”  One mi lita ry observer, L. L. Herzog, a lieutena nt commander, who saw 
the Pink Rose incendiaries drop ping from the  sky, was lat er  quo ted as saying,  
“ It  looked ju st  like  th e Fourth of J uly.”

Chandler says, “The rain  came the  evening afterwards. The cou ntry doesn’t 
burn well. This is why there was never any  expectation on our pa rt th at  fires 
were going to spread .” Chandle r would say only th at  the  incendiaries used for 
Opera tion Pink Rose were “of a World War II type ” and th at  after the  third 
att em pt,  the  Forest Service expe rts who had worked on the  project wrote a 
report to ARPA advising th at  no fur the r “field t est s” or research be carried out.

Much of AR PA ’s field resea rch in South Vietnam, including the  tra il sensor 
network and  the  foliage pen etration rada r, has come into wide use in the  war. 
Other  projects,  such as Pink Rose, which don’t work out, are allowed to quie tly 
die. “This was clearly one of those ideas th at  should  have been given the  very 
quie test fune ral,” an ARP A official said. ARPA briefed the releva nt officials in 
the  Air Force and  the  Office of the  Secretary  of Defense on USDA’s conclusions, 
and  th at  was th at . “I ts really  was a nu tty  idea to begin with,” said  an  ARPA 
official.



Des pi te  th e un an im ou s “ n ye t”  of th e  U SD A  and A R PA  to  th e fe as ib ili ty  of 
s ta rt in g  fire stor ms,  or  se lf -p ro pa ga ting  fires, in  th e dam p Viet na mese ju ng le , 
tw o qu es tio ns  abou t th e  pro je ct  re m ai n.  On e is wh y th e  te rm  fire  st orm  ca m e to  
be  ap pl ie d in  th e fi rs t plac e to  th e pr oj ec t. M cC on ne ll,  th e  fo rm er  R an ch  H an d 
ch ief  who m en tion ed  fire st orm s in  t he  co ur se  of his  pa pe r,  sa id  he reca lle d pi ck in g 
up th e  te rm  from  m il it ar y  source s.

Jay  Ben tle y,  a fo re ste r, no w r et ire d,  wh o wa s w ith  th e fire re se ar ch  s ervice , an d 
he ad ed  up  th e fie ldw ork fo r H ot Ti p,  th e se co nd  a tt e m p t,  sa id  he  di d no t rec all  
ev en  he ar in g th e te rm  fire  st orm  in co nn ec tio n with  th e  pr oj ec t unt il  he  re ad  it  
in th e  ne wsp ap ers. As to  wh o ra ised  th e  ex pec ta tion  th a t a D re sd en or  H am burg 
lik e ho lo ca us t wo uld  be cr ea te d in th e ju ng le s,  Ben tley  s ay s,  “ I d id n’t ex pe ct  ve ry  
m uc h to  re su lt  or  th in k  th e  ex pec ta tion wa s ver y high  as  fa r as  A R PA  was co n
ce rn ed .”  Thi s st a te m ent,  as  wel l as  A R P A ’s sk ep tica l a tt it u d e  to w ar d t he pr oj ec t, 
wou ld  see m to  im ply t h a t th e  en th usi as ti c— and  hor rif ic— te rm  fire s to rm  em an ate d  
from  m il it ar y co mm an d source s, ov er  th e  ex per t te ch ni ca l ad vi ce  of th e  civi lia ns  
and ARPA .

A no th er  qu es tio n is w hat wo uld  ha ve  hap pe ne d if th e  ex pe rts had  inde ed  
fo und a  w ay  to sp ar k b ig  fi res . A RPA  so urce s s aid unhes it at in gly  t h a t if P in k R o se  
had  succeeded, th e m il it ar y  co m m an de rs  wou ld  ha ve  do ub tles s gone  on  to  use 
fi re -li gh tin g in o th er si tu ati ons.

In ce nd ia ry  tech no lo gy  wou ld  ha ve  be en  ad de d,  alo ng  w ith  he rb ic ides , w ea th er  
mod ifi ca tio n,  an d o th er en vir onm en ta l wea po ns , to  th e DOD ar se na l.

Yet,  dis cussi ng  th eir  ow n role , both  th e  A RPA  sp ok es men  an d th e  For es t 
Se rv ice ex pe rts  merely cl aim  th a t th ey  we re giving  neu tr al,  te ch ni ca l ad vi ce . 
C ha nd le r ob viou sly lik es  tr ee s,  ye t he  als o su pport s th e  ju ng le -b ur ni ng  pr oje ct  
be ca us e,  in his wo rds , “i t wa s pa rt  of a m il it ar y  opera ti on” and no vi lla ges 
“f rien dl y or  un fr ie nd ly ” we re invo lv ed . “ Th is  wa s de fin ite ly  no t a burn -u p- pe op le  
p ro je c t, ” he  says . An d a hi gh  A R PA  off icia l de fend s th e  ag en cy ’s ro le  th us:  
“ H er e wa s a si tu ati on  whic h ca me up which  clea rly  no  on e kn ew  w hat  th e  fa ct s 
we re.  . . . We were, as  re se ar ch  peop le,  as ke d to  loo k in to  th e te ch ni ca l po ss i
bi lit ies an d to  te ll pe op le who  m ak e po lit ical  decis ion s w hat th e fa ct s w er e. ” 
Th es e st at em ents  ri vet  th e issu e ba ck  to  th e  hi stor ic  cla im  by  sc ie nt is ts  th a t th e ir  
te ch ni ca l ad vice  is mor al ly  neu tr al an d,  by  im pl ic at io n,  divo rc ed  fro m th e  uses  
to  wh ich  t he  te ch no lo gy  th ey  de ve lop is u lt im ate ly  ap pl ie d.  Per ha ps  th er e we re 
no vil lag es  invo lv ed  in w hat A R PA  bla ndly  ca lle d th e “ field  te s ts ” of th e  i nc en di 
ar y  proj ec ts . Yet  c lea rly  there  w as no  in su ra nc e th a t vi lla ges wo uld n o t som ed ay  be 
incl ud ed  in th e ta rg e t ar ea .

T he fire st or m  pro je ct  is no w a mere his to ri ca l even t which  it s perp etr ato rs  
wou ld  pr ef er  to  for ge t. B u t ano th er iss ue  m aw  loom  ve ry  m uc h in  th e pre se nt and 
fu tu re  an d re la te s to  th e  m a tt e r of ecoc ide. Ac co rd ing to  Fore st  Se rvice  ex pe rt s 
who  ha ve  su rv ey ed  and  in vento ri ed  th e  fo re st  re so urce s of Sou th  Vie tnam  an d 
th ei r a lt era ti on  du e to  th e  w ar , a t le ast  1 mi llion  hec ta re s we re  de fo lia ted,  as  of 
1967,  and th a t to ta l m ay  have  re ac he d 3.5 mill ion by  196 9.3 Defol ia tio n ha s 
ta ken  pla ce , not ju s t a few  tim es  in a few  st ra te g ic  pat ch es of ju ng le ; some  ar ea s 
hav e be en  sp ra yed  fo r a lm ost  10 ye ar s.  T he  tr opic al  ha rd w oo d fo re sts of th e 
M ek on g Ter ra ce  ar e dri er  no w th an  th ey  we re in 1965 -196 7 whe n hum id ity  
da m pe ne d Pink Ros e pro je ct s.  I t  i s st il l po ss ible th a t fires m ig ht re cu r as  a mod e 
of w ar fa re  in  th e co lle cti ve  m em or y of  C IN C PA C  an d th e  m il itar y co mm an de rs . 
As on e A RPA  offic ial sa id , “ If  t h e  sys te m  ha s any in st it u ti onal mem ory w ha te ve r,  
if th is  su gg es tio n is ev er  m ad e ag ain,  th e y ’ll loo k in to  th e  files and  find ou t it  
do es n’t  wor k. ”

Sie rra  C lu b,
San  Fra nci sco , Ju ly  20, 1972.

Pre si den t R ich ard M. N ix o n ,
The Whi te Hou se,
Was hing ton,  D.C .

D ear M r . P r e sid en t : I t  h as  b een re ve al ed  o nl y re ce nt ly  t h a t th e  U nited  S ta te s 
gov er nm en t ha s be en  us in g w ea th er  mod ifi ca tio n as  a wea po n of  war  in so uth ea st  
As ia. We  pro te st  bo th  th e  unil a te ra l es ca la tion  of wea po nr y and the pe rver sio n of 
en vi ro nm en ta l for ces  by  th e ir  u se  a s in st ru m ents  o f w ar fa re . Th ese ar e for ces th a t 
ha ve  th e  pote ntial  of do ing m an kin d un to ld  good.

Thi s ac tion  by  ou r gove rn m en t is a cl ea r viol at io n of th e  pr incipl es  of th e  
D ec la ra tion  of th e  U nit ed  N at io ns Con ferenc e on  th e  H um an  Env iron m en t 
adopte d  in Stoc kh ol m on  June  16, 1972, to  which  th e U nited  S ta te s is a par ty .

3 B arry  R. Flamni and Jay  II.  Cravens, “ Effects of war damage on the  forest resources of South V ietnam ,” 
J.  Forest. 69, 784 (1971).
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This Dec lara tion  s tat ed  t ha t:
“ Sta tes have, in accordance with the  Charter of  the  Uni ted Nat ions and  the  

principles of inte rna tion al law, . . . the responsibili ty to ensure th at  activities 
within the ir jurisdict ion or control do not  cause damage to the  env iron ment of 
oth er Sta tes or of areas beyond  the  limits of nationa l juris dic tion .”

The reve lation th at  we use  w eath er modifica tion as an instrument of war  raises 
serious ques tion as to our good faith in enter ing into this  solemn compact a nd our 
inte ntio n to abide by it.

We believe th at such envi ronmen tal modifica tion activ ities  can have signif icant 
unforeseen consequences with  widespread and  perhaps uncontrol lable  damage.

We the  public have not  been informed of the  reason for using envi ronmen tal 
engineering as a weapon of war any  more than  we were of its use unt il the recent 
publications . But, even if it has been effective, which we do not  see claimed or 
substantiated, the United Sta tes should seek to lead the  world’s nat ions away from 
new armamen ts, not  towards ano the r arms race. The use of wea ther  modifica tion 
as pa rt of such a race would be par ticu larly trag ic because meteorology has been 
a model of inte rna tional  cooperation.

Accordingly, we call upon you to announce  th at  the  Uni ted States will seek 
inte rna tion al agreement on the  princip le of provid ing for the complete cessation of 
any  research, experimentation, or use of any environmental  or geophysical 
modifica tion activ ity  as a weapon of war. The United States should  henc efor th 
dedicate all geophysical and  environmen tal research to peaceful purposes and 
should actively seek the  cooperation of other  na tions in programs of jo int  research  
on geophysical phenomena, the ir control , and  the ir peaceful use.

R aymond J. Sherwin,
President, Sierra Club.

Marvin L. Goldberger , 
Chairman, Federation of American Scientists.

Environmental  Impact of Modern Weapons Technology in S.E. Asia

(By E. W. Pfeiffer  and Arthur H. Westing, Copyright 1971, Com mittee for 
Enviro nmental I n form at ion)

[Rpprin ted wi th permission from Environment  magazine, 438 North Skinker B lvd. ,
St. Louis, Missouri 03130]

The following three reports on Vietnam were prep ared  for Environment by two 
U.S. scientist s who have  had considerable  experience in that  country . They are 
Dr. E. W. Pfeiffer, zoologist from the University  of Montana, and Dr. Ar thu r 11. 
Westing, bo tan ist  from Windham College, Putney , Vermont. Both  scien tists  had 
previously trav eled to Vietnam to investigate the  effects of wartime use of herbi
cides (see Environment.  March 1971, p. 34). In August, they  visited  Vietnam on 
behalf  of the  Scient ists ’ Insti tut e for Public Info rma tion  and Environment; the ir 
trip  was suppor ted  in pa rt by the  Fun d for Investigative Journalism  and  the  
D. J. B. Fou nda tion . They explored, among  oth er things, ways in which the  
landscape  has been dras tica lly a ltered by high explosives, including 7 .5-ton bombs, 
and special bulldozers. (Previous reports deal t with  the effects of herbicide  
spray ing.)

In summary, the  investigations reveal  tha t m ilit ary  opera tions  in \  ietn am have 
disrupted the  economy and  c ultu ral life of the  people, as did satura tion bombing 
and  mechanized  armies in Europe in World War II.  For  the most pa rt,  the  high 
explosives used in t he  Indochina War have  de vas tate d the land ra ther  th an  m ajo r 
cities, bu t the  des truc tion  has seriously damaged forests  and soil on which the  
Vietnamese depend. For  example, bulldozers equipped  to clear jungles to the  
fores t floor a nd thu s deny cover to the  opposing soldiers have already dest royed 
more than $40 million  worth of timber  and rubber  trees . Timber not  dest royed 
out right freq uently contains  shrapnel  th at  eith er breaks saw blades or promotes 
disease th at  weakens the  wood. In the  wake of jungle-clea ring operations come 
soil erosion, flash floods, and invasion by economically useless weeds. The  es ti
mated ten million or more bomb cra ters  in South  Vietnam dis rup t rice farm ing 
and  fill with water  to become breed ing places for disease -bearing mosq uitoes. 
Special bloc kbus ter bombs—the  largest aeria l weapons avail able  s hor t of nuc lear 
weapons—uproot all vegetation in football-field-size areas  and  kill or inju re all 
animal life for alm ost  a mile in every  direc tion. An as ye t undetermined cos t of 
the war will be the long-term ecological and sociological effects of th is d evastation.
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I. Craters 
(By E. W. Pfeiffer)

During the  Indo china war the U.S. has dropped more tha n two times the  
tonnage of bombs that  was dropped in Europe , Asia, and Africa during World 
War II , most of it in Vietnam, a country  a bout the size of New Eng land  or one- 
half  the  size of the  sta te of Montan a. Rocke ts, arti llery shells, and mines have 
been exploded  on  a  vast  scale in many  areas in Vietnam, in addition  to explosives 
dropped from airc raft . This ordnance  has been used princ ipally in free-fire zones 
or special strike zones, which all people except the Nat ional Liberation Fro nt and 
its  North  Vietnamese allies have  supposedly vaca ted. Data on the  exten t of the  
free-fire zones of South  Vietnam would perm it calculation of the perc ent of 
Vietnamese land surface th at  has been intensively subj ecte d to these  weapons. 
These  da ta  a re not, however, presently available.

Although few de tails have been released regard ing expe nditures  or targe t loca
tions for the  various types  of muni tions , the following summary figures for all of 
Indoch ina  have been made available by the  Depar tment  of Defense:

Year

1965 .............
1966 .............
1967 .............
1968 .............
1969 .............
1970 .............

To tal

MUNIT IO NS USED IN  INDO CH INA WAR 

(In m il lio ns of  pounds,

A ir
m uniti on s

Su rfa ce
m unit io ns To ta l

630 ? 630
1,02 4 1,16 4 2, 188
1,8 66 2,413 4, 278
2,86 3 3, 003 5, 866
2, 774 2, 808 5, 583
1,9 55 2,389 4, 344

11 ,112  11 ,777  22 ,8 89

We do not know what fraction of the 23 billion pound s of m unit ions  expended 
during these  six years was small arms and other o rdnance th at  would not  p roduce  
craters (nor do we know what the  dis tributio n is among  South Vietnam, North 
Vietnam, Cambodia, and  Laos). To make  some wild assum ptions, if half the  
minitions (by weight) were of the  sor t th at  produce crat ers (bombs, shells, etc.) 
and  if each was a 500-pound bomb, the n Indoch ina’s landscape would now be 
more or less permanently  rearranged by more than  twe nty  million craters.  Using 
an estimated average diameter of 30 feet , the  holes alone would cover a combined 
area of abou t 325,000 acres. Although occasional, sca tter ed crat ers can be found 
almost anywhere  in rural South  Vietnam, we have observed large areas of severe 
cra terization in the  provinces of Tay Ninh, Long Khanh, Gia Dinh, Ilau  Nghia, 
Binh Duong, Quang  Ngai, Quang Tin, and Quang Nam. We have  been told  abou t 
similar areas in Kien Giang, An Xuyen, and Quang Tri. No typ e of habit at 
seems to be spared, including forests and  swamps, fields and  paddies. Many 
severe ly crate rized areas—such as the  so-called free-fire zones, free-bomb zones, 
or specified stri ke zones—were formerly inhabited and  farmed. Such regions of 
important mil itary act ivity as War Zones C and D, the  Iron Triangle, the  Rung 
Sat  and  U Minh Special War Zones, the  Demil itarized Zone, and the  Ho Chi 
Minh Trai l are among those regions th at  have  been subj ecte d to repeated sa tu 
rat ion  o r pa tte rn bombing.

What is this unprecedented bom bardment  doing to Vietn am and  its people? 
In order  to make a preliminary asses smen t of the  effects of these explosives 
Arthur  H. Westing  and I visited Vietnam in August 1971. In preparatio n for 
our  trip  we had  sought info rmation from many sources on effects of bomb 
craters resu lting  from milit ary activities, bu t were u nable to find any significant 
information.

We flew over bombed areas in helicopters  and rode in armo red personnel carriers 
to observe at  first hand crater s from B-52 strikes. We interv iewed in the  field 
Vietnamese farmers who were trying to reclaim bombed land,  Vietnamese loggers 
who were operating in bombed and  shelled areas, and  several  Vietnamese and 
American officials.

In orde r to judge the magnitude of the problem it is necessary to have some idea 
of the  num ber of bombs dropped and  the  amoun t of territo ry affected. Earlier  
studies have  presented data which suggest that  some 7.5 million crate rs have
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been formed as a r esult of th e massive bom bardment.  Although we est ima te th at  
the cur ren t figure for South Vietnam is in excess of 10 million, we are currently 
awa iting  Depar tme nt of Defense da ta to verify  this figure.

The standard  weapon of the  B-52s is a 500-pound bom b; each B-52 carries 
108 five-hundred pound bombs. Each bomb produces a hole 20 to 50 feet wide 
and  5 to 20 feet deep, depe nding on soil conditions. The bombs  are usually dropped 
from over 30,000 feet b y the B-52 airc raft  an d can have  sufficient force on im pac t 
to pen etrate  deeply into  cer tain  types of soil.

Severely bombed areas observed on our trip included the  following land types: 
heavi ly cult ivat ed areas of the  Mekong Delta,  intensively' cul tiva ted mountain 
valleys  in  the nor thern region of Vietnam, mangrove forests, evergreen hardwood 
forest s of the flat terraces  nor thw est of Saigon, and  evergreen hardwood forests 
of the precipitous mountain areas in the Da Nang-Quang  Ngai area.

Because of the war s ituation a t the time of our  vis it, we were unable to fly over, 
even at  high alt itude,  the  most intensively bombed regions of South Vietnam 
which lie in the nor thw est corner of th e country  and along th e Demili tarized  Zone. 
We were also very disappo inted to find th at  secu rity problems made it very 
difficult to visi t on foot bombed areas in all of the regions th at  we a ttemp ted  to 
study . I t is im portant to note  th at  there  are areas of South Vietnam, part icularly  
in the  del ta region, th at  do no t reveal, at  leas t from the air at  3,000 feet, much 
evidence of war damage. Large areas, however, have been hit  very intensively by 
several types of ecologically dev astatin g weapons.

What are the  effects of the massive bombard men ts on cul tiva ted  areas such as 
the  Mekong Delta? Our observations made both in wet and  (on previous visits) 
dry  seasons show th at  in the  del ta the  B-52 crat ers and  those  caused by large 
arti llery shells are permanen tly filled with water, prob ably  because the crate rs 
pen etrate  the  wate r table. In  many areas water s of different colors fill adjacent 
crate rs. Some of the wate rs in the  crate rs are aquama rine  while others have a 
more bluish to greenish tin t, and  many are simply a muddy  brown. These dif
ferences in colorat ion are apparen tly  due to growths of varying types of algae. 
It is int eres ting  t ha t different growths occurred in contiguous crate rs.

I was able to visi t on foot  three such craters in an agr icid tura l area abo ut 30 
miles south  of Mv Tho in th e h eart of the  Mekong Delta . T he area, near the hamlet 
of Hoi Son, had been a free-fire zone u nti l fairly recently,  bu t farmers were now 
being resettl ed on the ir land because  senior officials considered th e region re latively 
secure. The degree of s ecurity  became evident:  Dur ing my sta y in the area  U.S. 
airc raft  were rocket ing and  strafing  only a few miles away. I interviewed some 
families who had left t he  a rea eleven years ago because of the  fighting. They took 
me to  three crate rs made in 1907. I would estim ate th at  they  were caused by 500- 
pound bombs dropped by fighter bombers. Eac h cra ter  was abo ut 30 feet  in 
diameter,  filled wi th water and,  at  the  time of my visit,  about 5 fee t deep in the  
center,  as proven by one of my guides. He waded  into  the  center of the  cra ter  
where he could jus t manage to  keep his nose above  water while standing . The 
ent ire immediate  vicin ity had been a rice paddie; the  rice had been replaced by a 
very  tal l reed (6 to  8 feet), genus Phragmiles, which surrounded the  craters at  a 
distance of 10 to 20 feet. Growing from the rim of the craters and  into  the  reeds 
was a species of rela tively sho rt grass, genus Iirachiaria. A tall er grass, Scirpus, 
was also p reva lent . The whole area was inundated by very shallow water, as it  was 
the  middle  of the  wet season. The  fa rmers were growing seed rice n ear  the craters 
and  were plowing under the reeds and grasses in preparation for planting rice. 
It  was obvious th at  the y could not  use the  cra tered areas  for rice cult ivation, 
because  t he  water was m uch too deep. One solu tion to the  problem is to  bring in 
soil from elsewhere. Although I could not confirm it, one farm er said th at  the  
craters I observed yielded  excep tiona lly good fish catches. The fish presumably 
had  moved into  the  crat ers  dur ing  the  monsoon flooding. Surround ing the  area 
th at  had  been cul tiva ted in rice were banana, coconu t, and  jac kfruit  trees. The 
jackfruit  was dead as a result of herbicides; the  coconut trees were dest royed by 
the  bombing, leaving only bare stumps.

In our  conversations with these and  other farmers who were try ing  to resettle 
the ir fought-over land, i t became obvious t ha t th eir  main  problem was the  presence 
of unexp loded munitions in the areas. The Hoi Son people sta ted  th at  with in 
the las t few weeks thre e women had been killed and  one bad ly wounded when 
plows detona ted  unexp loded weapons. We learned that  mines in some rese ttled 
areas have  been cleared, bu t t he  problem of locatin g and  neu tralizing  unexploded 
ordnance before land is resettl ed is an urgent one. On several occasions we en
coun tered  the fear of unexploded munitions,  which probably accounts for a 
phenom enon we often observed from the  air: fields with crat ers  were usua lly not  
being cul tiva ted  although nea rby  fields were. One farm er whom we interviewed
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sta ted  th at  the people do not like  to plow in  the  bombed are as because the shrapnel 
in the  dir t cuts the  buffalos’ hoofs, resulting  in infection.

According to science spokesmen of the U.S. Agency for Int ern ational Develop
ment (usaid) and  the  Milita ry Assistance Comm and, Vietn am (macv), bomb 
crat ers  a re sometimes used as sources of freshw ater  for irrigation . In much of the 
sou thern Mekong Delta, brac kish  (salty) wate r floods cul tivated lands at high 
tides  if i t is not kep t back by dikes. Thus,  irrig ation  is necessary and  f reshwate r 
in the  craters could be useful.

Presumably the  permanen tly water-filled  cra ter  areas of the del ta region are 
excel lent breeding grounds for certain species of mosquitoes and other carriers 
(vectors) of disease. Those crat ers not  invaded  by predators  of mosqu ito larvae 
provide conditions for greatly  accelerated reproduction  of mosquitoes and  oth er 
vecto rs. According to MACV-Command Info rmation pam phlet  6-70,  Feb rua ry 
1970, “m alaria  has been causing increas ing concern in Vietnam. . . . Up unt il 
recently  it (Plasmodium falciparum)  only affected  regions of I and  II  Corps bu t 
has now spread to other areas throug hou t th e c ountry.” We discussed with several  
scientist s the possible rela tionship  between  craterization and  this increase in 
mala ria, bu t no studies have  yet  been made of this  problem as far as we could 
determine . A usaid speciali st in public hea lth with  h ead qua rters in Saigon s tat ed  
th at  the  current alarm ing increase  in hemorrhagic  (dengue) fever seen in the  
Vietnamese was not rela ted  to craterization because the  mosquito  vecto r for this  
disease, Aedcs aegypti, lives only  in and  around  houses and would thus no t be 
affected by ecological changes such as craterization. (We do not  know of any  
field research which suppor ts this view.) We flew a mosquito-control spray mission 
in a C-123 airc raft  from which mala thion  was being s prayed  (one-half poun d per 
acre) over and  around an Aust ralian  mili tary  base. There are only two airc raft  
now carry ing out  this prog ram, and,  as far as we were able to determine,  the re is 
no spray p rogram involving t rea tment of cra tere d areas.

We observed many crat ers in isolated mountain valleys near Da Nang. They 
were in small clusters  in mou ntain rice fields and  thu s were probably  caused 
eith er by artil lery  or fighte r-bom ber strikes and  not  by B-52s. In these valleys 
the  crate rs were generally filled with water as in  the delta, bu t the y probably  are 
with out  wate r in the  dry  season and  thu s cannot  be used for fish culture. The 
paddies tha t had been cra tere d were no t being cu ltivated . D urin g our visit we flew 
over  many rice paddies with ponds in the centers almost comparable in size (about  
ten  feet across) to the  bomb crate rs, bu t these were fish ponds and  app are ntly 
did not interfe re with  th e cul tiva tion  of the  rice surrounding the ponds. It  is thus 
unlik ely th at  sca tter ed cra ters  could crea te changes  in soil moisture or oth er 
condi tions  that  would make cratered  paddies uncul tiva table.

We observed  from the air large areas of the  mangrove swamps of the  Rung 
Sat  Zone which had been subjected to very heavy  B-52 strikes . These are all 
perm anently  water-filled and obviously would make tran spo rta tion into the  area 
very difficult. This could be of some significance because the mangrove forests  
have  been regularly  used as sources of wood for charcoal and  for fishing grounds.

We observed many craters at first hand  in the Boi Loi woods area. This had 
been an evergreen hardwood forest on the flat terrace northwest of Saigon. 
Most mature trees were dead from defoliation (herbicide spraying) bu t ther e was 
a very thick understory of useless broadleafed brush , vines, bamboo, and  
Imperata grass reaching a heigh t of 15 to 20 feet. Cra ters  were very num er
ous in this area and  were sca ttered at  least every  100 feet or so. Each cra ter  
was 20 to 30 feet across and 5 to 10 or more feet deep. They  were all in a 
grey podzolic soil (a poor soil often formed in cool, humid climates) with  poorly  
defined horizons (layers). There  were many  genera tions of craters. The most 
recent ones were bare of vegetation bu t conta ined a litt le rain  wate r at  the  
bottom.  In the  older ones a few sprigs of grass, probably  Imperata, were sprout ing  
in the center. (We also noted the  begining of plant growth in the center of 
some of the water-filled crate rs in the delta.)  As the  crate rs age the  grass 
grows radially , covering the bottom,  and  finally grows up the  sides to meet 
vines growing down from the  peripheral vege tation. There  is some filling of old 
crat ers  with soil washed down from the sides, bu t this  is limited  because old 
crate rs completely covered with  grass were still 5 to 10 feet deep. We did no t 
observe any broadleafed pla nts  invading these  holes.

We were able to learn  some thing of the  effects of satura tion bombing and  
art  illery fire upon forest tim ber  resources throug h interview s wi th loggers and  saw
mill opera tors and  by inspection  of damaged logs, main ly in the  Ben Cat and  
Chon Tha nh areas. We also interviewed South Vietnam forestry  officials abo ut 
the problems of utilizing bombed fores t areas . These officials indicated th at
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log ge rs do  no t lik e to  oper at e in bom bed  tim ber  be ca us e th e  tr ee s ha ve  m et al  
fr ag m en ts  in  th em  w hich  g re at ly  re du ce  th e  val ue  of th e  logs . (One l og ge r e st im ate d  
th a t th e  pr ice of  lo gs  co nt ai ni ng  m et al  is re du ce d by 30 pe rc en t. ) We cou ld  und er 
s ta n d  th e  re as on  f or  th e  re du ce d va lu e whe n we ob se rv ed  pi les  of saws w ith  te e th  
ri ppe d ou t and  ex am in ed  di sc ar de d log s from  which  we  du g pie ces of  m et al . In  
some logs th ere  were dea d ar ea s ab o u t tw el ve  inch es  in  d ia m et er  and  six  inch es  
de ep  from  which  we reco ve re d bo m b fr ag m en ts . We  le ar ned  th a t whe n m at ure  
ti m ber  is  punctu re d  b y m et al s su ch  a s st ee l s ha rd s or  b ul le ts , en tr y  is  pro vi de d fo r 
dis ea se  or ga ni sm s,  pro bab ly  fu ng i, which  re su lt  i n de ad  ar ea s th a t in cr ea se  in size  
as  th e  wou nd  ages . Thu s,  la rg ely un like  tr ee s in te m pera te  zones , th e  tr ee s of 
V ie tn am  ar e su sc ep tib le  to  ro t whe n penetr a te d  by  m et al . Thi s gre atl y  de crea se s 
th e  va lu e of th e  t im ber and a lso  w ea ke ns  tr ee s so th a t th ey  a re  m uc h mor e su b je ct 
to  be ing blow n do wn.  An officia l of a Fre nch  ru bber  p la n ta ti on  to ld  us  th a t he  
had  lo st  m an y ru bber tr ee s on  his  p la n ta ti on  b ec au se  t h e  t re es  had  b ee n wea ke ne d 
by  fu ng us  in fe ct io n following  bo m b dam ag e an d th en  blow n down  in  on e of th e 
fr equent vi ol en t w in d st or m s th a t oc cu r in  th e  ar ea . T he log ge rs who m we in te r
view ed  sa id  th a t th e  cr at er s in  th e  fo re st  mad e pa ss ag e ver y dif fic ul t fo r tr uck s 
and  loa de rs , a si tu a ti on  t h a t ne ce ss ita te d cu tt in g  m uc h sh ort er logs th an  de si rabl e 
in  su ch  ar ea s.  (W e sa w 90 fo ot  log s co ming ou t of und am ag ed fo re sts. )

We we re ab le  to  ob se rv e from  a hig h- fiv ing he lico pt er  th e  cr at er s ca us ed  in a 
m ounta in  fo re st  nea r Da Nan g by a  B -5 2 st ri ke abou t on e an d on e-ha lf  ye ar s 
ea rl ie r.  The  cr at ers  we re st il l ob viou s on  th e  m ou nt ai ns id e and  alon g th e  rid ge s. 
The  l ar ge  burn ed  a re as  in th es e fo re st s appea re d to  b e ev en  more si gn if ic an t; th ey  
had  appare n tl y  re su lted  fro m fire s s ta rt e d  by va riou s ty pes  of ord nan ce  su ch  as  
w hi te  ph os ph or us , na pa lm , and  fla res .

We te n ta ti ve ly  co nc lude  th a t th os e cu lt iv at ed  ar ea s hi t he av ily  w ith  co nv en 
tion al  high  ex plos ives  will be  ve ry  dif fic ul t, if no t im possi ble , to  re cu lt iv at e.  They  
ca n pe rh ap s be  us ed  as  fis h- rear ing po nd s or,  in ce rt ai n si tu at io ns , as  sources of 
fr es hw at er  fo r ir riga tion . The y m ay  pro vi de  ad dit io nal  br ee di ng  ar ea s fo r ins ect  
ve ctor s of di sease. In  th e fo re sted  ar ea s th a t ha ve  no t be en  kil led  by  chem ical 
de fo lia tio n,  th e  bo m bi ng  ha s cr ea te d pr ob le m s th a t ar e pr ob ab ly  ju s t as  gre at  as 
th os e ca us ed  by  de fo lia tio n.  How ev er , th e  im m ed ia te  pr ob lem of  gre at es t co nc ern 
is th e va st  nu m ber  of un ex plod ed  mines , bo mbs , ro ck et s, and  so fo rth,  th a t m us t 
be re m ov ed  if th e la nd  is  to  be re se tt le d. Since th e D epart m ent of De fen se re po rt s 
th a t ap pr ox im at el y 1 to  2 pe rc en t of our ai r an d gr ou nd  m un it io ns  f a il  t o  exp lod e, 
th er e ar e se ve ra l hund re d th ousa nd of th es e ra nd om ly  bur ie d th ro ughout In do
ch in a.

We re co m m en d st ud ie s to  de te rm in e th e re la tion sh ip  of wa ter -fi lle d cr at er s to  
th e sp re ad  of ce rtai n desea ses  an d to  de te rm in e how cr at er ed  ar ea s ca n be st be  
re habil it a te d . We als o re co m m en d th a t gr ea tly ex pa nd ed  op er at io ns  be in it ia te d  
to  lo ca te  and  ne ut ra lize  un ex plod ed  ord nan ce  in ag ri cu ltura lly us eful  area s.

II . L evel in g  th e J un gl e 

(B y A rt hu r II . West ing )

Des pi te  th e la vi sh  a ppl ic at io n of g re at w ea lth  a nd sup er io r tech no logy , th e U.S . 
ha s m ad e su rp ri si ng ly  li tt le  hea dw ay  over th e ye ar s ag ai nst  th e N at io nal  L ib er a
tion  F ro n t an d it s N or th  Vie tnam es e all ies . W ith  the grow ing re al iz at io n th a t th e 
fo re st fu nc tion s as  a  ke y al ly  of g ue rr ill a fig hte rs by  p ro vi di ng  co ve r and  sa nct uar y, 
more and mor e ef fo rt ha s be en  d ir ec te d to w ar d its  ob li te ra tion. F or a num be r of 
ye ar s re lia nc e was pla ce d prim ar ily on  c he mical  des tr uct io n. Th is ap pr oa ch  re ac he d 
it s pe ak  in 1967,  b u t larg ely be ca us e of  pres su re  ex er te d by  th e sc ient ifi c co m
m unit y , it  no w no t on ly  ha s be en  re du ce d to  a low lev el (see  Environment,  Ju ly / 
Aug us t 1970, p. 16) bu t als o ha s be en  en ti re ly  “V ie tnam ized .” The  he rb ic idal  as 
sa ul t ha s le ft  Sou th  Vietnam  w ith  a lega cy  of m an y mi llion s of de ad , now ro tt in g  
tre es , an d w ith  loca lly  deb il it at ed  ec os ys tems.  A seco nd  ap pro ac h th a t ha s been  
em pl oy ed  th ro ugh  th e ye ar s to  m ak e th e  fo re st  less  ho sp itab le  to  th e o th er sid e is 
a bo m bi ng  and sh el lin g pr og ra m  of incr ed ib le  m ag nitude.  The  23 bil lio n po un ds  
of  to ta l m un it io ns  ex pe nd ed  in In doc hin a be tw ee n 1965 an d 1970 alon e ar e more 
th an  do ub le  th os e us ed  by  us  th ro ughout Worl d W ar  I I  in al l th ea te rs .

In  re ce nt ye ar s,  howe ver, a ne w te ch niq ue  ha s em erge d.  Bo rn  about 1965, de
ve lopi ng  in to  m aj or pro po rt io ns  in 1968, an d grow ing  ev er  sin ce,  a vast  pr og ra m  
sy st em at ic  fo re st  bu lld oz ing now ex is ts . The  U.S . Eng in ee r Com m an d in Vie tnam  
is da ily  p u tt in g  Hercu les and his  tw el ve  labo rs  to  sh am e.  Thi s re port  ou tl in es  th e 
m et ho ds , sco pe , an d m ag ni tu de of th is  “jun gl e ea ti ng” pr og ra m  and  sp ec ul at es  
on  it s ec on om ic  and ecolo gic al im pa ct s.
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The basic tool of the  landclearin g opera tions  in Vietn am is the  20-ton D- 7E  
Cate rpil lar tra cto r fitt ed with a massive  11-foot wide, 2.5-ton “ Rome plow” 
blade  equipped with  a  spec ial 3-foot sp litt ing  lance or “ stinger ,” and w ith 14 tons 
of added  armor. A ve ry limited number of the  even more immense D-9 tra cto rs 
are also in use. More than  twice the  size and  weight of the D-7 , each of these 
machines is said to be the  opera tional equal  of several. The trac tors  are presently 
organized into five companies of th ree platoons each, each company operating 30 
or more trac tors. Unofficially, the companies go und er such names  as Rome 
Runners, Land Barons , and  Jungle Eaters . These outf its bulldoze cont inuously  
from dawn to dusk, seven days a week under what can only be described as 
spine- twist ing and  gut-wrenching  (to say noth ing of dangerous) condit ions. No 
tree  appears to be too large and no jungle too dense to escape these powerf id 
machines in what m ust  certa inly  be the most intense land-claring  program known 
to histo ry.

The bulldozing began on a very small scale in 1965 an d was devoted prim arily 
to the  clearing of roadsides  and  other lines of communicat ion in orde r to dis
courage enemy ambushes.  It  was not  until mid-1967 th at  the trac tors were or 
ganized into small u nits . By the beginning of 1968, most of the m ajor  road sys tems 
in the  cent ral half of Sou th Vietnam (Mi litary Regions II  and III ) bad  already  
been cleared. Although this mission still continues, vir tua lly  all majo r roads  in 
the  co untry have  now been  cleared for 300 to 600 feet or more on each side. These 
swaths thro ugh out  forest and  planta tion  are now a conspicuous feature  of the  
Vietnamese landscape. In  some instances chemical herbicide treatm ent has helped 
to mainta in these strips in a treeless condit ion.

The employment of massed tracto rs organized into companies for extensive 
forest clearing began in 1968, and the  program has expanded ever since. In its 
prim ary mission of denying  forest cover and sanctuary, the  “ Rome plow” appears  
to be withou t equal . Effectiveness  of the  trac tors is clearly super ior to th at  of 
aerial application of chemical antip lan t agen ts. The devices are considered, for 
example, to be playing an inst rum ental role in the at tempt  to “ secure” the  region 
centered  around Saigon (Milita ry Region II I) . They  are also of considerable im
portance in the nor thern half  of the country  (Mil itary  Regions I and  I I) . The  U.S. 
lias outfi tted  and is train ing  two Vietnamese landclearin g companies as one of the  
facets  of “ Vietnam izat ion.”

We were able to spend one day in action  wi th th e 984th Landclearing Company, 
which at  the time was operating in the  so utheastern  corner of Tay Ninh  province.  
During our stay , the  company  was in the  final stages of oblete rating the  Boi Loi 
woods. More acc urate ly, it was supplying the coup de grace to this longtime enemy 
stronghold th at  previously had been tre ate d at  least once with herbicides, had  
been subjected to satur ati on  bombing from B-52 strato fortresses, and  had  also 
been shelled by artil lery .

We joined the  outfit on its twen ty-seventh day in the  Boi Loi woods. During 
the  pas t 26 i t had already  scraped clean 6,037 acres. Several days more and  this 
job would be finished, permit ting  the 984th to move on to greener pastures . 
Before this job, the  men had  eliminated the  9,000-acre Ho Bo woods in nearby 
west-central Binh Duong province .

The Boi Loi woods was enemy ter rito ry and  we were dropped in by helicopter.  
We accompanied one of the  plato on commanders  in his armored personnel carr ier 
and  were flanked by several Sheridan tanks of the Eleven th Armored Cavalry . 
Although we had no conta ct with  the enemy th at  day and  hit no landmines, we 
were informed tha t both were regular occurences. In the past 26 days, for example, 
several  enemy attacks had  been repulsed and  th e tractors had  set off no less th an  
37 mines in the  course of the ir work. (Seven casualt ies from landmines had  been 
sus tained during this period.)

In operat ion, the  tra cto rs were stru ng out  in a long staggered formation , the  
lead tracto r being directed  for much of the  time by the  company commander 
circling overhead  in a sm all helicopter. The large num ber of bomb crate rs m ade the  
job  of maneuvering the  large trac ked  vehicles most difficult. The hea t was oppres
sive (hovering around  130 degrees F. in the  tracto r cabs) and  the work was tru ly 
arduous. But  the morale of the  men seemed very  high, despi te their fifteen-hour  
work days, seven days  a  week, wet season and dry. The company was p roud of it s 
abilit ies and  accom plishments and, we are told, was among the  rare uni ts in 
Vietn am with out  a drug  problem.

At the  time of ou r visit, the unbulldozed  t errain  was covered largly  by a tang le 
of head-high, broad-leafed brushy  plants and  vines interming led with  Imperata 
grass and  shrubby  bamboos. Of the  sca ttered trees, more than  half were dead . 
The plow blades were se t to skim th e surface, each t racto r scrap ing bare almost an 
acre per hour. The big tree s came crashing to the ground with  grea t regularity .
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Most were simply push ed over, bu t the really  large  ones were first spli t by the  
stinger.

The  ter rain was f lat and the  soil a heavy grey podzolic, so t ha t nei ther  erosion 
nor late riza tion  (hardening of soils to a brick- like subs tanc e) are likely to be 
problems here. In view of available seed (or o the r reproductive plant par ts) and  
shadeless conditions , this  a rea  is likely to be quick ly dom inated by a combination 
of Imperata  grass and  sh rub by bamboos, thereb y largely preclu ding reforesta tion 
for years (perhaps decades) to come. In oth er areas we inspec ted in Binh Duong  
province th at  had been bulldoze d two or three years  previously, by far the most 
prevalent  v egetation  was the  worthless and  pernicious weed Imperata. Indeed, of 
the  thou sands of acres of formerly bulldozed areas th at  we were able to see on 
this and our previous visits,  the re was only one are a where forest trees (a com- 

« inercially low-grade species of Dipterocarpus) were recolonizing natura lly.  Where
bulldozing is done in more hilly  terrain,  erosion can become a severe liabil ity. 
Moreover, with  the  elimination of the enormous water-holding capacity  of an 
ex tan t forest, the  heavy rains characterist ic of Vietnam can produce severe flood 
damage. We learned of one dev asta ting  flash flood in a rece ntly  bulldozed area  

* in Khanh  Hoa province.
I t cannot  be denied th at  the re are advantage s to the  bulldozing, given the  

condi tions  of this grim war. First, bulldozing largely  clears areas of landmines, 
an ever-present horror throughout much of Vietnam to all who at tempt  to re
utilize  a  war-visited a rea. (One Vietnamese whom we came to know h as so far lost 
six re latives to mines left beh ind  by  one side or the  o ther .) Secondly, some of  th e 
timber  can subseque ntly  be salvaged, par ticu lar ly for firewood and  charcoal 
manufacture . Third ly, some of the  bulldozed lands in “secure” areas  have  been 
tak en over  for agricultural pursuit s, although this is often  no t feasible even in 
such areas  because  of extensive craterization by  explosives. Farm ing is par ticu larly 
eviden t in the  roadside str ips  near population centers. A small  fraction of the  
clearing  by bulldozers is actual ly said  to be done with  subsequen t resettleme nt 
or ag ricu ltural pursu its in m ind (see, for example, New York Times, J uly 15, 1971, 
p. 3).

Bulldozing has, according to official milita ry sources, leveled over 750,000 
acres to date . I estimate  th at  clearing continues a t a rate of more tha n 1,000 
acres per  day. Because I was unab le to obtain a breakdown of land and  land  use 
categor ies th at  have fallen to the  relentless bulldozers, it is dif ficult to estimate 
the  overall economic loss th at  can be at tribu ted  to these opera tions. However, 
some partia l indicat ions can be presented. With respect to the  timber resource, 
the South Vietnamese forest service has determined th at  a t least  126,000 acres of 
prime timber  lands accessible to lumber operations  have been destroyed through
1970, together with an est imated twenty million board f eet of marke table  tropical 
hardwood timber. At recent Saigon marke t values, averaging abo ut $72 per 
thousand board  feet, this amoun ts to a loss of $14.7 million. To this sum must be 
added a fu ture  loss due to dest ruction  of growing stock. With respec t to  the rubber 
resource, the French rubber  inte rest s in South Vietnam have determ ined that  
sub stantially  more tha n 2,500 acres of producing rubber  trees (representing 
just over 1 percent of South Vietnam’s total  rubber) have so far  been destroyed by

« bulldozers There  are about 120 rubber  trees per acre, with an average value of
$88 per tree. Tota l loss here can thus be estim ated  to exceed $26.4 million. (I might 
add  th at  to the consternation of the French owners, the y have received no 
compensation.)

There are, of course, many oth er losses a ttr ibu tab le to the  bulldozer  program,
-w most of which are  impossible to quantify. Among them can be l isted site degrada

tion, erosion, weed invasion,  des truc tion  of wildlife hab ita t, flood damage, and 
miscellaneous prop erty  loss. One recent press report from western  Ila u Nghia 
province  tells of the obl iteratio n bv bulldozers of a still par tia lly  inhabited 
farming region and the consequent disruptive  imp act {New York Times, May 7,
1971, p. 5). Even whole villages have been obli tera ted {Nation, Oct. 23, 1967, p. 
397). Discussions with professional Vietnamese foresters revealed yet  ano ther 
headache connected with  the  landclearin g operations . In its nationwide fores t 
conservation program, the  South Vietnamese fores t service issues timber-cutting 
per mi ts on a judicious ly res tric ted  basis. However, cor rup t province chiefs have, 
during the pas t y ear or so, come to realize th at  a denied local cut ting  permit can 
often  be circum vented by turnin g to the Vietnamese Defense Dep artm ent  and, 
for pretended reasons of m ilita ry necessity, request th at  the a rea be designated for 
bulldozing. If the req uest is g ranted, the chiefs can then  cu t the timber  for personal 
profit. Finally , another  use of the  bulldozers results in a small am ount of additional 
and  unnecessary  damage. In their  lighte r moments the engineers occasionally
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turn to carving up the landscape for the  sheer hell »>f it. Thus one can now find a 
U.S. Fir st Inf ant ry Division emblem, covering some 1,500 acres, carved into the 
landscape a bout 25 miles northw est of Saigon (New York Times, Apr. 5, 1070, p. 7);  
a giant peace symbol is similarly engrave d near  Hue (Life magazine, July 2, 1971, 
p. 72).

In conclusion, the  question  is raised—although not answered—of how much 
forest  loss can be susta ined by an area before the  regional ecology is adversely  
affected to  a substan tial  extent. Before the  war, more than  25 million acres of 
South Vietnam were covered by fo rest,  representing abou t 60 percent of the  coun
try’s to ta l area of 43 million acres. So far, the  war has claimed at  the  very least 
3 million acres of the forest, cover. The  herbicide program has acco unted for some
what more than  a thi rd of this, the  bulldozing somewhat less than  a third, and the  
bomb, rocket, and  shell craters (plus dam age from other munitions) the  remainder. 
Although the  estimated  12 perce nt reduction  in forest cover may  not  have a dra
mat ic influence on the  overall ecology of South Vietnam, deta iled inves tigat ion 
will eluc idate  the  magn itude  of the  subtle changes th at  have  resul ted. In the  
numerous local areas of severe damage , often  covering several  thousands  of con
tiguous acres, the  repercussions—b oth  ecological and  sociological—will be pro
found.

II I.  T he Big Bomb 
(By Ar thu r II. Westing)

In this repo rt I summarize our findings abou t a new bomb in the  U.S. arsenal, a 
bomb unique to the  Second Indo china War. Owing to  the pauc ity  of information 
domestically available, I describe in some detai l the bom b’s general charac teris tics 
and em ployment .

The BLU -82/B general -purpose high-explosive  concussion bomb  turns out  to 
be one of the most awesome and leas t publ icized weapons to have been spawned by 
the war. It  is a bomb with  record -breaking dimensions; It  is 4.5 feet in diameter, 
over 11 feet long, and weighs 15,000 pounds. Within its thin steel case are 12,600 
pounds of a  special, dense b lasting agent (DBA -22M) consisting  of a gelled aqueous 
slurry of ammonium nit rat e and  aluminum powder (plus a binding agen t). This 
formulation provides a  concussive blas t surpassed only by t ha t of a nuclea r bond).

Often referred to in Vietnam as the “ Daisy Cu tte r” and  sometimes as the 
“ Cheeseburger,” this super bomb is delivered by C-130E air cra ft (of the 463rd 
Wing of the  Seventh Air Force flying out of Cain Ran h Bay air  base). Even 
though the  bomb is floated to the  ground by parach ute  from alti tudes of 7,000 
to 10,000 feet and occasionally even over 20,000 feet, the Seventh Air Force 
claims th at  the point  of impact seldom is more th an  300 feet off ta rget  and  usually  
less t han 150 feet. Timing of th e drop is determined by ground rad ar.

The  Daisy  Cutter was developed primarily  for the  i ns tan t creation of clearings 
in dense jungle. Such clearings can then be used imme diate ly as a landing zone 
by ass aul t helicopters in locat ions inaccessible to conventional land-clearing 
equ ipm ent  and techniques. The prog enti tor of this  unique bomb was the  10,000 
pound “ blockbuster” bomb of World War II.  Several dozen or more of these 
bombs were left over from th at  conflict. These were used in Indochina on an 
expe rimental basis, app arently  beginning in 1967. The presently’ used BLU-82/B 
was developed and  became operationa l in early 1970.

The  bomb  is deton ated  by an imp act fuse at  the  end of an att ach ed three-foot 
probe which sets off the main charge simul taneously at  both ends of the bomb 
just  above the  ground. If all goes well, the  resul ting radial blas t leaves no 
crate r, bu t rather uproots and  blows away all trees and oth er obstructions— 
even in heavy jungle— to crea te a virtually’ perfect clearing abou t the size of a 
football field. Although the  size of each clearing differs, of course, according to 
local conditions of terr ain  and  vegetation, the  average radius of the opening, 
according to the Air Force, is a bo ut  160 feet, and its area thu s abou t two acres. 
No fires are  reported to have been set by these bombs and  only minimal  charring 
occurs. The blas t is spectac ular : A mushroom cloud rises some 6,000 feet into 
the air, and light aircraft flying more tha n two miles from th e explosion are badly’ 
shaken by the  shockwave. The  landing zone, suitable for land ing within  m inutes 
of the  blast , can accom moda te one to several assault  helicopters at  a time. The 
mili tary  code name for such an operatio n is “ Commando Vault. ”

According to  the Seventh Air Force, the  average r ate  of use of the  Daisy Cutter s 
in South  Vietnam has been one to two per week in recent months. (We were made  
aware of five drops during a one-week period in mid-August. ) Although the total  
number of drops to date is classified inform ation , an official spokesman for the 
U.S. Mili tary Assistance Comm and in Vietnam (macv) informed me th at  it is



well in excess of 100. One press report claims th at  160 drops occurred prior  to 
June of 1970 (Los Angeles Times, Jun e 1, 1970, p. 20). Most of the drops in South 
Vietnam have occurred in the northern  ha lf of the  coun try  an d in the  delta  region 
to the  south (Military Regions I, II, and  IV). Info rma tion  on the drops in Cam
bodia and  Laos was not  made  available to us.

In  the  briefing we received on the  Commando Vau lt opera tions, an official 
spokesman for th e Seventh  Air Force stressed and restressed tha t use of the  Daisy 
Cutters was res tric ted to the  c reation  of landing zones and  tha t they  were noth ing 
more than “explosive bulldozers .” He went into  some detai l on how th e local popu
lace is always alerted prio r to a drop. On the oth er hand, we learned from ano ther 
local Air Force source th at exceedingly str ict  security is always maintained before 
a d rop to avoid a lerting the  enemy: the flight crew does no t even receive the  ta rge t 
location or dnrp time until just before takeoff.

The Daisy Cu tte r is officially designated  as a genera l-purpose bomb and  has 
been used in  a num ber of ways in Indochina beyond t he creation  of landing zones. 
One Air Force report  exp lains th at  the bomh can be used for road interdict ion by 
triggering landslides . In the Hanoi press this past spring (in an otherwise uncon
firmed repor t) the re is a description  of the obl iteratio n of an entire hamlet in 
Laos by  this means. We also learned from thre e i ndependent sources (two mili tary  
and  one embassy) th at  the  Daisy  Cu tte r has been and is being employed against  
enemy in suspected enem y troop concentra tions . Moreover, in one of the  Com
mando Vaul t missions we inspected from the  air, the bomb had been dropped, 
accord ing to our official mil itar y guide, onto  a suspected enemy rocket  emplace
ment . This mission had  been carried out in J une  of this  year  in Quang Nam prov
ince nineteen miles southwes t of Da Nang. The  antipersonnel use of this bomb has 
also been reported in the  press (for example , New York Times, Apr. 13, 1971, p. 1; 
Apr. 15, 1971, p. 5; Apr. 18, 1971, p. E2). Press repo rts describe one additional 
use for the bomb, th at  of removing the thick jun gle canopy  above suspected enemy 
storage areas (New York Times, Apr. 15, 1971, p. 5).

What is the env iron men tal impact of a Daisy  Cutter? Here I am chagrined to 
report  t ha t of the scores of Commando Vault missions, old a nd new, no site could 
be found by macv in an a rea secure enough for us to vis it. U.S. c itizens are generally  
not  aware t ha t th e National Liberation Fro nt and  its  N orth Vietnamese  allies con
tro l vir tua lly  all of the  forest and  other wild lands  of South Vietnam. Moreover, 
we could find no one who had examined or even tho ught abo ut these  sites with  
ecology in mind, not  even the macv science advisor or his staff. Although the  im
mediate overt impact is easy  to surmise, the  more subtle and long-te rm effects 
mu st await fur the r stud y.

According to an official Seventh  Air Force source, the  bla st of a Daisy Cu tte r 
is of such  intensity that  all terr estr ial and arbo real wildlife (as well as any luckless 
humans) within a radius of approximately  3,280 feet are killed outr ight  by the  
concussive shockwave. The leth al zone from one such bomb thu s covers an area 
of about 776 acres. Beyond this  circle of dea th, concussion inju ry diminishes  to 
insignificance radially outward for a distance of ano ther 1,640 feet or so. This 
larger area  of both  dea th and  inju ry to wildlife thus encompasses abo ut 1,74(> 
acres per bomb. Assuming t hat  the  tota l num ber of bomb drops  to date has been 
150, the  forest area  tota lly  eliminated by this  means has been only abo ut 300 
acres. Of much grea ter concern, all the wildlife occupying 116,400 acres or more 
have been killed. The wildlife on again as m uch area have sustained injuries. The 
Daisy Cu tte r thus adds significant ly to the  already  severe stres s imposed by the  
war on Vietnam’s wildlife.

With  respec t to the  vegetation, my information on damage is less complete . 
The innermos t circle of two acres is, of course, tota lly  ann ihila ted. (One press 
report claims that  even the  worms in the  ground are killed in this  zone [Life 
magazine, May 21, 1971, p. 41].) I suspect th at  damage to  the  flora beyond the 
central, cleared area  becomes negligible within  a modest distance, but  actu al 
extent of damage  will requi re on-site investigat ion. Recolonization by plan ts in 
the central, cleared zone seems to be fairly rapid , at  least  in the del ta region. 
An Air Force  officer famil iar w ith the delta  told us  th at  a Commando Vault l anding 
zone blas ted out  in th at  region looks green from the  air within severa l weeks; 
it often becomes unusable within severa l months because of the regrowth of brush. 
Pas t experience suggests th at  the  upland clearings will be quickly invaded  prim arily  
by Imperata grass and /or a varie ty of low-growing, brushy bamboo species, ail 
tenac ious and worthless weeds.

The Daisy  Cu tter is, in the  words of one mil itary officer we met in Vietnam, 
“ a supe r bomb with super pun ch.” macv has been using these  bombs on a stea dy 
basis for more t han  a  year and  a  half now, app arently with no mention of them in
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the  official daily, weekly, or monthly war news summaries. One senior  Seventh 
Air Force officer expla ined to us, “ they have such a  devas tating effect th at  we ha te 
to give them  much pub lici ty.”

The Commando Vault 7.5 ton bombs provide ju st  one more means by which we 
casually rearrange the  environment of Indo chin a with  littl e if an y concern abo ut 
eith er the  immediate  or the  long-term impact on the  ecology of the  area. I am 
painfully aware of how little  in the way of biological da ta this  repor t contains , bu t 
in provid ing the first detai led accou nt of this  new, indiscriminate ly wide-area 
weapon for the  open literatu re, I hope t ha t it will st imu late  the necessary wildlife 
and  other ecological s tudies as conditions perm it.

Additional R emarks by Congressman Gilbe rt Gude R egarding S. R es. 281 
October 6, 1972.

Senator  Claiborne P ell,
Chairman, Oceans and International Environment Subcommittee of the Senate Foreign 

Relations Committee, Washington, D.C.
Dear M r. Chairman : I subscribe to the  general th rust of S. Res. 281. However, 

I would like to make a few qualifying  remarks .
Firs t, it  should be recognized th at  some environm enta l warfare techniques 

inevitably will be developed in the course of legit imate civilian research. Thu s 
artic le I (2) has a buil t-in  vagueness when seeking “to apply to any  resea rch or 
experim enta tion relating to the development  of any such act ivi ty as a weapon  of 
war.” It  appears th at  any Tre aty  m ust rest more on political  a nd mora l commit
ments not  to use or exploit  new technologies than  on an att em pt  to stop  pa rtic
ula r research and  development programs.

Second, in view of the  possibilities for unauthorized use of environmental  war 
fare techniques,  the  use of such practices by non-s ignatory nations, or question s 
arising from the  “non-mil itary” use of environmen tal modification act ivi ty,  I 
think it would be pruden t to:

(a) Esta blish an inte rna tional  scientific monitoring and  inve stiga tory  commis
sion to determine  the  exten t of any claimed environmental damage  rela ting  to 
mil itary  geophysical modifica tion activ ities ;

(b) Make provision for the  body of da ta collected by the  commission to be 
released, if desired by the  principles, to the  Intern ationa l Court of Jus tice for 
advisory or binding judgeme nt on the merits of the case.

Third, I believe th at  the  phrase  “as a weapon of war” must be more clearly  
defined so th at  there  is as precise a distinction as possible between  legit imate 
civilian  research and  proh ibited milit ary research. We mus t be careful not  to 
inh ibit  th e justifiable and  promising environm enta l research now being conduc ted 
by civilian scientis ts world-wide.

Fourth,  I question whe ther  S. Res. 281 ade qua tely  deals with the problem of 
isolated safe ty and defensive weather modifica tion activ ities  in quasi-military 
situations. For example, would S. Res. 281 prohib it the dispersal of fog at  a 
mil itary airport in o rder to land  milit ary or civilian  aircraft? It  is my belief th at  
such techniques make sense a nd save lives b ut  there  is no allowance in the Trea ty 
for such activi ties.

These remarks  should not  be construed  as being overly critica l of S. Res. 281. 
On the  contra ry, I applau d y our leadersh ip in this field and encourage you to press 
forward with dete rmin ation .

With  best  regards,
Gilbert Gude, Member o f Congress.

[G EO PH Y SIC A L W A R FA R E !

How To  Wreck the E nvironment*
(By Gordon J. F. MacDonald,  United  States )

Professor MacDonald is associate direc tor of the Insti tute of Geophysics and 
Pla net ary  Physics at  the  University of California, Los Angeles. His researches 
have  embraced  a remarkable  diversity  of na tur al phenomena, and his pro-
From  “ Unless Peace Comes,’’ Nigel Calder, Ed. , The  Viking  Press, New York  C ity , 1968.
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fessional inte rests  are fur the r extended by his par ticipation in national  
science policy-making. lie is a mem ber of Pres iden t John son’s Science Advisory 
Comm ittee.
Among future  means of o bta inin g natio nal objec tives  by force, one poss ibili ty 

hinges on ma n’s abili ty to contro l and man ipulate the  environm ent of his planet . 
When achieved,  this power over his environment will provide man  with  a new 
force capable of doing great and  indiscriminate damage . Our present prim itive 
und erst and ing of delibe rate environmen tal change makes it difficult to imagine 
a world in which geophysical warfare is practiced. Such a world might be one 
in which nuclear weapons were effectively banned and  the  weapons of mass 
dest ruction  were those of enviro nmenta l ca tastrophe. Alte rnat ively , I can envisage 
a world of nuclear stabil ity  resu lting from parity  in such weapons, rendered

* unstable  by the  development by one natio n of an  adva nced  technology capab le 
of modifying the ea rth ’s environmen t. Or geophysical  weapons may be pa rt of 
each nation’s armory. As I will argue,  these weapons are peculiarly suit ed for 
cover t or secre t wars.

Science-fiction l iterature conta ins many suggestions of how wars would progress
* if man  indeed possessed the abi lity  to change weather, climate, or ocean currents.  

Many of these  fictional suggestions, and  othe r more serious discussions, fail to 
take into acco unt  th e limi tations of natu re.  Jules Verne gave a detai led discussion 
of displac ing the ea rth ’s polar caps, thus making the  world’s cl imat ic zones more 
equi table  (Les Voyages Exlraordinaires;  Sans Dessus Dessous, Metzel. 1889). 
Verne’s proposal was to eliminate  the  twen ty-th ree-degree til t in the ea rth’s axis, 
pu ttin g it at  righ t angles to the sun -ea rth  plane. However,  as Verne correctly 
pointed ou t in a subs eque nt discussion,  the ea rth ’s equa torial bulge stabilizes our 
planet, and  even the  launching of a 180,000-ton projectile would produce a dis
placement  of only one-ten th of a micron . Sena tor Estes Kefauver, Vice-Presiden
tial candidate in the 1956 American election, rediscovered Verne’s original pro
posal and was serious ly concerned with  the tipping of the ea rth ’s axis. He repo rted 
th at  the ea rth’s axis could, as the result  of an H-bomb explosion, be displaced  by 
ten degrees. Ei the r Senator  Kefauver  or his scientific advisers neglected the  
stabilizin g influence of the ea rth’s bulge. The maximum displacement th at  can 
be expected from the explosion of a one-hundred-megaton H-weapon is less than  
one micron, as Walter  Munk and  I pointed out  in our  book, Rotation o f the Earth 
(Cambridge University Press, New York, 1960).

Sub stan tial  progress within the envi ronmental sciences is slowly overcoming 
the gap between fact  and fiction rega rding manipulations of the ea rth ’s physical 
environment. As these manipulations become possible, histo ry shows th at  att em pts  
may  be made to use them  in sup port of national ambitions. To consider the 
consequences of environmental modification in struggles among  nations,  we 
need to consider  the p resen t state  of t he sub ject  and how pos tula ted developments 
in the field could lead, ten to fifty years from now, to  weapons sy stems tha t would 
use natu re in new and perhaps unexpected ways.

The  key to geophysical warfare is the identification of the environmental 
instabilities to which the addi tion of a small amount of energy would release 
vast ly greater  amounts  of energy. Env ironmen tal ins tability  is a situatio n in

* which nature has stored energy  in some pa rt of the earth  or its surroundings 
far in excess of tha t which is usual. To trigger this  in stabil ity  the required energy  
might be introduce d violently by explosions or gent ly by small bits  of materia l 
able to induce rapid changes by acting as cata lysts  or nucleating agents. The 
mechanism for energy storage might be the accum ulation of s tra in over  hund reds

"* of millions of years in the  solid ear th, or the  supercooling of water vapor in the
atmosphere by updrafts taking  place over a few tens  of minu tes. Effects of re leasing 
this energy could be worldwide, as in the  case of alte ring  climate, or regional , 
as in the case of locally excited ear thquak es or enhanced  precipi tation.

W E A T H E R  M OD IF IC ATIO N

The ea rth ’s atmosphere is au  envelope  of air that  rotates, for the  most part,  at  
the  same speed as the  underlying continents and oceans. The rela tive  motion 
between the  atmo sphere and the  earth  arises from sources and  sinks  of energy  
tha t vary  in locat ion and stre ngth bu t which have, as the ir ult imate  source, the 
sun ’s radiation. The qua ntit ies of energy involved in w eath er systems exceed by a 
sub stantial margin the qu an tity of energy  under  man’s direct control. For instance, 
the  typical  amount  of energy expended in a single torn ado  funne l is equivalent to 
about fifty kilo tons of explosives; a single t hundersto rm towe r exchanges about ten 
times this much  ene rgy during i ts lifetime; an Atla ntic hur ricane of moderate  size 
may draw from the  sea more tha n 1000 megatons of energy. These vast qua nti ties 
of energy make it unlikely th at  brute-force  tech niques will lead to sensible wea ther  
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modifica tion. Results could be achieved, however, by working on the  instab ilities 
in the a tmosphere.

We are  now beginning to understand several  kinds of instabilit ies in th e atmos
phere. Supercooled wate r drop lets  in cold clouds are unstable , but they  remain  
liquid fo r substant ial  periods of tim e unless supplied with nuclei on which they can 
freeze. Conversion of water droplet s to ice thro ugh  the  introdu ction of artificia l 
nuclei can provide a local source of energy. This released hea t can cause rising air 
currents,  which in tur n lead to furth er formation  of supercoo led water. This 
process may lead to rainfall at  the ground g reate r than that  which would have been 
produced without the  artif icial nucleation. A second instabil ity may arise, in which 
water  vapor condenses into water, again affecting  the  dist ribu tion  of sensible 
energy. On a la rger scale, there is the  so-called baroclinic inst abi lity  of atmospher ic 
waves th at girdle the planet. Through the  imbalance  of heat bet ween equa tor and 
pole, energy in this  inst abi lity  is stored, to be released in the  creat ion of large 
cyclonic storms in the tem per ate  zones. There are othe r, less well understood 
instabili ties capable of affecting climate; I shall retu rn to them later .

What is the presen t situation with respect to weather modification and  what 
might  be reasonably expected  in the  future? Experiments  over the pas t eighteen 
years have demonstrated unequivocal ly that  clouds composed of supercoo led 
water droplets can be trans formed into ice-crvstal clouds by seeding them with 
silver iodide, “dry ice” (frozen carbon dioxide), and  other suitable chemical 
agents. This discovery has been applied  operationally  in the  clearance  of ai rports 
covered by supercooled ground fog. No analogous technique has yet  evolved for 
clearing  warm fog, although severa l promising leads are now being investigated. 
In th e case of warm fog, th e a tmospheric instabili ty is that  water vapor di stributed 
in small drops contains more surface  energy than the same water dis trib uted in 
large drops. The trick  for c learance of this warm fog will be to discover some way 
of gett ing the  small drops to organize themselves into larger ones and then fall 
to the  ground.

There  is increasing, though inconclusive, evidence th at  rainfal l from some 
types of clouds and storm  systems in tempera te regions can be increased by ten 
to fifteen per cent by seeding. Somewhat  more controversial  evidence indicates 
th at  prec ipita tion can be increased from tropical cumulus by techniques similar  
to those employed in tem perate regions. Preliminary  exper iments  on hurricanes 
have the  aim of dissipating  the  clouds surrounding the  eye of the storm  in order 
to spread the  energy of the  hurr icane and  reduce its force. The results  are con
trove rsial  bu t indica te tha t seeding  can, in certain  circumstances, lead to a  marked 
growth in the seeded cloud. This possib lity m ay have  merit in hurricane modifica
tion, bu t experimentation has no t yet resulted in a definitive  sta tem ent .

Regarding the  suppression of lightning,  there is mixed but largely promising 
evidence  th at  the frequency of clould-to-ground strokes can be reduced by the 
introduction of “ chaff” strip s of metallic  foil of the kind used for c reating spurious  
echoes in enemy radars.

In looking to  th e future, it is quite clear t ha t substan tial  advances will be made 
in all of these areas of wea ther  modification.  Today, both mil itary and civilian 
air tra nspo rt benefit from progress in the  clearance  of ground  fog. Fu rth er prog
ress in the  technology of in troducing th e seeding agent into the  fog makes it l ikely 
th at  this  type of fog dispersal will become routine. In a sense, fog clearing is the  
first mil itary application of delibera te manipulation of weather, bu t it is, of 
course, very limited.

Large field programs are being  und erta ken  in the  United Sta tes to explore 
fur the r the  possibility of enhancing precip itation, par ticu larly in the western 
and  nor theaste rn states. On the  high ground of the  western states, snow from 
winter storm s provides much of the  cou ntry’s moisture.  Investigations  are under 
way to see if seeding can lead to an increased snowpack and  thu s enhance the  
water resources. Intense intere st in this  form of weather modifica tion, coupled 
with an increased  inves tigat ion of the physics of clouds, is likely to lead to effec
tive cloud modifica tion within the  nest five to fifteen years. At present the  effects 
are  measured only sta tist ica lly,  and  too little  has been done in cloud observation 
before and  a fter  seeding in the  way of precisely pinpointing which clouds are most  
likely to be affected.

As far as mil itary  appl ications are concerned, I conjecture  th at  precip itation  
enhanceme nt would have a limited value in classical tac tical situations, and  then  
only in the  futu re when controls are more thoroughly understood. One could, for 
example, imagine field commanders  calling for local enhancem ent of p recip itatio n 
to cover o r impede various  ground operations. An al ternat ive  use of cloud seeding 
might be applied strate gically. We are prese ntly unce rtain  abo ut the effect of
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seed ing on  pr ec ip it at io n down  wi nd  fr om  th e  seed ed  clo uds. Pre lim in ar y an alys is  
su gg es ts th a t th er e is no effect  200 -300 mi les  do wn  wind , bu t th a t co nt in ue d 
seed ing ov er  a long  s tr e tc h  of dry  la nd  cle ar ly  co uld rem ov e su ffi cien t m ois tu re  to  
pr ev en t ra in  1000 mi les  down  wind . Thi s ex te nd ed  ef fect lea ds  to  th e po ss ib il ity 
of  co ve rt ly  re m ov in g moi stur e fro m th e  at m osp her e so th a t a nat io n dep en den t 
on  w at er  va por  cros sin g a co m pet itor  co un tr y co uld be  su bje ct ed  to  yea rs  of 
dr ou gh t. The  oper at io n could  be conc ea led by  th e  st a ti st ic al ir re gu la ri ty  of  th e 
atm os ph er e.  A nat io n possessin g su per io r te ch no lo gy  in en vi ro nm en ta l m an ip u la 
ti on  could  da m ag e an  ad ve rs ar y w ithout re ve al ing its  in te nt.

M od ifi ca tio n of st or m s,  too , co uld ha ve  m aj or st ra te g ic  im pl icat io ns . As I ha ve  
men tio ne d,  pr el im in ar y ex pe rim en ts  ha ve  been ca rr ie d ou t on th e se ed in g of 
hu rr ican es . The  dy na m ic s of hu rr ic an es  and th e mec ha ni sm  by  wh ich  en er gy  is 
tr an sf er re d from  th e  ocean in to  th e  at m os ph er e su pport in g  th e hurr ic an e ar e 
po or ly  un der st oo d.  Y et  va riou s sche mes  for  both  dis sipa tion  an d st ee ring  ca n be 
im ag ined . A lth ou gh  hu rr ic an es  origi na te  in trop ic al  reg ion s, th ey  can  tr av el  in to  
te m per at e la ti tu de s,  as  th e  re si de nt s of  Ne w E ng la nd  know  on ly  to o well. A 
co nt ro lle d hu rr ic an e could  be  us ed  as  a we ap on  to  te rror iz e opponen ts  ov er  
su bst an ti a l part s of th e  popu la te d wo rld .

I t  is ge ne ra lly  su pp os ed  th a t a hurr ic an e dr aw s m os t of its  en ergy  from  th e  sea 
ov er  wh ich  it  pa sses . The  ne ce ss ar y proc ess of hea t tr ansf er de pe nd s on  wav e 
ac tion  th a t pe rm its th e  ai r to  come  in  conta c t w ith  a vo lume of w at er . Thi s 
in te ra ct io n be tw ee n th e  a ir  a nd  w at er  a lso  s ti rs  t he  upper  lay er s of th e a tm osp her e 
an d pe rm its th e  hurr ic an e to  dr aw  o n a  s ubst an ti a ll y  la rg er  re se rv oi r of  hea t th an  
ju s t th e w ar m  su rfac e water . The re  m ay  be way s, us in g m on om olec ul ar  film s of 
m at er ia ls  lik e th os e de ve lope d fo r co ve ring  re se rv oi rs  to  redu ce  eva pora tion, fo r 
de crea sing  th e  loc al in te ra ct io n be tw ee n sea and ai r an d th us pre ven ting  th e  
oc ea n fro m pro vid in g en er gy  to  th e  hur ri ca ne  in an  ac ce le ra te d fa sh ion.  Su ch  a 
proc ed ur e,  co up led w ith  se lect ive seed ing,  m ig ht pr ov id e hu rr ic an e gu id an ce  
mec ha ni sm s. A t p re se nt we ar e a long  w ay  f ro m hav in g th e ba sic d a ta  a nd  un d er
st and in g  ne ce ss ar y to  ca rry ou t su ch  ex pe rim en ts ; ne ve rthe less , th e lo ng -ter m 
po ss ib il ity of de ve lopi ng  a nd  ap ply in g s uc h te ch ni qu es  under  t h e  c ov er  o f n a tu re ’s 
ir re gu la ri ties  pr es en ts  a  di sq ui et in g pr os pe ct .

C LIM A TE M OD IF IC ATIO N

In co ns id er ing w he th er  or  not cl im at e mod ifi ca tio n is po ss ibl e, it  is us ef ul  to  
ex am ine cl im at e var ia tions und er  natu ra l co nd iti on s.  Firm  geo log ica l ev iden ce  
ex is ts  of a long  se qu en ce  of Ice Ages , in th e re la tivel y re ce nt  pa st , wh ich  show s 
th a t th e  w orl d’s cl im at e has been in a  s ta te  of slow ev ol ut io n.  The re  is als o good  
geolo gic al,  ar ch ae ol og ical , an d hi stor ical  ev iden ce  fo r a patt ern  of sm al le r, mor e 
ra pi d fl uc tu at io ns  s up er im po se d on  th e  s low  ev ol ution ar y ch an ge . For  e xa m pl e,  in 
Eu rope  th e  cl im at e of  t he  ea rly pe rio d follo wi ng  th e last  Ice Age wa s co ntinen ta l,  
with  hot su m m er s and  cold  w in te rs . In  th e  si xth  mill en nium  n.c. , th ere  wa s a 
ch an ge  t o  a warm hu m id  cl im at e w ith  a  m ea n te m pera tu re  of five de gree s F ah re n 
he it hi gh er  th an  a t p re se nt an d a he av y ra in fa ll th a t ca used  co ns id erab le  gro w th  
o f  pe at . Th is  p er iod,  kn ow n as a  cl im at ic  o pt im um , was a ccen tu at ed  in  S ca nd in av ia  
by a land  su bs id en ce  th a t per m it te d  a gre at er  inf lux  of warm A tlan ti c w at er  in to  
th e lar ge  Bal tic  Sea .

The  c lim at ic  o pti m um  was  p ec ul ia r. Whil e o n th e w hole th er e wa s a  v ery gra dua l 
de crea se  of  ra in fa ll , th e  de crea se  wa s in te rr up te d  by  long  dr oughts  du ring wh ich  
th e su rfac e p ea t dr ie d.  Th is  fluc tu at io n oc cu rred  se ve ra l tim es , th e m ai n dr y 
pe rio ds  be ing fro m 200 0 to  1000, 1200 to  1000, and 700 to  500 n.c.  The  la st , a dr y 
heat,  wav e la st in g ap pro xim at el y 200 ye ar s,  was th e  be st de ve lope d.  T he dro ught,  
th ou gh  no t su ff ic ient ly  in tens e to  in te rr u p t th e  st eady  de ve lo pm en t of  fo re sts,  
di d cause ex te ns iv e m ig ra tion s of  pe op les  fro m dr ie r to  w et te r reg ion s.

A ch an ge  to  co lder  an d w et te r co nd it io ns  oc cu rred  in Eur op e ab o u t 500  n. c.  
and wa s by  fa r th e  gre ate st  an d m os t ab ru p t al te ra ti on  in cl im at e sin ce  th e  en d 
of th e la st  Ice Age.  I t  ha d a ca ta st ro phic  e ffe ct on th e  e ar ly  civi liz at io n of Euro pe:  
larg e ar ea s of fo re st  we re  ki lle d by  th e  ra pid  gr ow th  of pe at , an d th e lev els  of th e 
Al pin e lake s rose  su dd en ly , flooding  m an y of th e lake  se tt le m en ts . Thi s cl im at ic  
ch an ge  di d no t la s t long ; by  th e be ginn in g of th e  C hri st ia n era, co nd it io ns  did  no t 
di ffer  gr ea tly  from  cu rr en t ones.  Sin ce th en  cl im at ic  var ia tions ha ve  con tinue d to  
oc cu r, an d  al th ough no ne  ha s be en  as  dra m ati c  a s th a t of 500 n. c. , a pert u rb a ti on  
kn ow n as  th e  li tt le  ice ag e of  th e  se ven te en th  ce n tu ry  is a  re ce nt no te w ort hy 
ex am pl e.  The  ca use of  th es e hi stor ic al  ch an ge s in  cl im ate re m ai ns  sh ro uded  in 
m ys te ry . The  ra pid  ch an ge s of cl im at e in  th e  p ast  su gg es t to  m an y th a t th ere  
ex is t in st ab il it ie s af fe ct in g th e ba lanc e of  sol ar  r ad ia tion.
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Indeed, climate is primar ily determined by the  balance between the  incoming 
sho rt wave from the sun (principally light) and  the  loss of outgo ing long-wave 
rad iati on (principally heat ).

Three facto rs domina te th e balance: the  energy of the  sun, the surface characte r 
of terrestr ial regions (water, ice, vegetation, desert, etc.), and the transpa rency of 
the  ea rth ’s atmosphere to different forms of radiat ed energy . In th e last connection, 
the effect of clouds in making cool days and relatively warm nights is a ma tte r of 
familiar experience. But clouds are a manifestation  rather tha n an original de
terminant of weather and climate; of more fundamenta l significance is the  effect 
of gases in the  atmosphere, which ab sorb  much of th e radia tion  in tr an sit  from the 
sun to the ear th or from the earth into  space. Intense X-rays and ult rav iole t from 
the  sun, together with high-energy  atom ic particles , are arrested in the  uppe r 
atmosphere. Only the narrow band of visible ligh t and  some sho rt radio waves 
traverse  the  atmosphere withou t serious interrup tion .

There has been much controversy  in recent years  abo ut conjectured over-all 
effects on the  world’s climate of emissions of carbon dioxide to the atmosphere 
from furnaces and engines burning  fossil fuels, and some abou t possible influences 
of the exhaust  from large rockets on the  tran sparency of the upper atmosphere . 
Carbon dioxide placed in the atmosphere since the  st ar t of th e in dus tria l revolution 
has produced an increase in the average temperatur e of the lower atm osphere of a 
few tenths  of a degree Fahrenheit. The  water vapo r th at  may be introduced into 
the  str atosphere  by the supersonic transpo rt may also resu lt in a  simila r tempe ra
ture rise. In principle it would be feasible to introduce  mate rial into the upper 
atmo sphere th at  would absorb e ither incoming light (thereby cooling the surface) 
or outgoing hea t (thereby warming the  surface). In practice , in the  rarefied and 
windswept upper atmosphere, the material  would disperse rather quickly , so that 
mili tary  use of such a  technique  would probably rely upon global ra the r than local 
effects. Moreover , molecular mate rial will ten d to decompose, and  even elemental 
material s will eventually  be lost by diffusion into space or precipi tation to the 
surface.  At interm ediate levels, in t he stra tosphere , materials may tend to accumu
late, though the  mixing time for th is pa rt of the atmosphere is certainly less than  
ten years and may be a few months. If a nat ion ’s meteorologists calculated that, a 
general warming or cooling of the ear th was in thei r national  interest, improving 
thei r clima te while worsening others, the  tem pta tion to release mate rials  from 
high -alt itude rockets  might exist. At present we know took litt le abo ut the para
doxical effects of warming and cooling, however, to  tell what the ou tcome might be.

More sudden, perhaps  much briefe r bu t never theless  disas trous,  effects are 
predictable if chemical or physical means  were developed for a ttacking  one of the 
na tural constituen ts of the atmosphere—ozone. A low concent ration of ozone 
(O3, a rare  molecular form of oxygen) in a layer between fifteen and f ifty kilometers 
alt itude  has the  utm ost  significance for life on land. It  is responsib le for absorbing 
the  greater  pa rt of the  ultr avio let from the sun. In mild doses, th is radiation  causes 
sun burn; if the full force of it were experienced at the  surface, it would be fata l 
to all life—including farm crops and herds—th at  could not  take shelter . The 
ozone is replenished daily, bu t a tem porary “hole”  in the ozone laye r over a 
targe t area might be created by physical  or chemical action.  For  example, ul tra 
violet at  250 millimicrons wave length decomposes ozone molecules, and ozone 
reacts  readily with a wide range of mater ials.

At prese nt, we can only ten tat ive ly specu late about modifying the short-wave 
radiation at  its source, the  sun. We have discovered major instabilities on the 
sun 's surface  th at  might be man ipulated many  years hence. In a solar flare, for 
example, 1010 megatons  of energy  are  stored  in distorted magnetic fields. With 
advanced techniques of launch ing rocke ts and set ting  off large explosions, we may 
somet ime in the  future learn to trigger these instab ilities.  For the  near  future, 
however, modification will no t be in the short-w ave incoming radiation bu t in 
the long-wave outgoing radia tion.

The usual  schemes for modifying climate involve the man ipula tion of large ice 
fields. The persistence of these large ice fields is due to  the cooling effects of the ice 
itself, both in reflecting (ra ther than  absorbing) incoming shor twave radia tion 
and  in  rad iating heat at  a higher rat e than the usual ground cover. A commonly 
suggested means of climate modification involves thin  layers of colored material 
sprea d on an icy surface, thus inhibiting both  the reflection and rad iation processes, 
melting the ice, and there by alter ing the climate . Such a procedure presents ob
vious technical and  logistic difficulties. For example, if one wished to create a 
surface coating  of as little as one micron thickness to cover a square 1000 kilometers 
in size, the  tot al mate rial for this  extremely  thin  coating would weigh a million 
tons or more, depending upon its density. So the proposals to dust  from the air
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some of the  globe’s extended iee sheets are unrea listic and  reflect a brute-force 
techn ique,  taking no advantag e of in stabili ties w ithin the  env ironment.

Although it may be technolog ically difficult to change an ice cap’s surface 
character, and  thus its therma l proper ties, it may be possible to move the  ice, 
taking into  account the gravitational instabili ty of ice caps. The gravitationa l 
potentia l energy of water as a thick , high ice cap is much grea ter tha n it would be 
at  sea level. This fact  makes it possible, at  least in principle,  to devise schemes for 
bringing abo ut a redistribution in the  ice. Indeed, A. T. Wilson has proposed  a 
cyclical th eory for  the Ice Ages, based on this  instab ility .

The main poin ts of Wilson’s theory are as follows:
1. Antarct ica is covered by an ice sheet several kilometers thick. Pressure  a t the 

bottom of the  ice is great enough  to  keep the ice a t or ne ar its melting poin t; w ater  
w is an unu sua l materia l in th at  a pressure increase lowers ra the r than  raises its

melting point. An increase in th ickness of the  ice sheet could resul t in melting at the 
bottom.  The resul ting ice-wa ter m ixture along th e sole of t he  glacier would permit 
flow by a process of freezing a nd melting—a (low process much mere effective t han
ord inary p lastic flow.

v 2. If such an ins tability  occurs, the ice sheet will flow o ut onto  th e surro unding
sea, and  a  large ice shelf will be formed between Antarct ica and  the ocean around 
it. As a consequence, short-wave solar  rad iation will be reflected, and  th ere  will be 
enhanced loss of hea t by rad iati on at  the  long wave lengths , causing  cooling and 
the  inducem ent of world-wide glacia tion.

3. Once th e ice shelf is in t he  ocean, it will begin to mel t and even tual ly will be 
removed. The ice remaining on land  will be much thinner tha n before. As the  re
flectivity of the southern  hemisphere decreases with  the  melting of the  Antarcti c 
ice cap, the global c limate will grow warmer again, corresponding to the start, of an 
interglacia l period. The ice cap will slowly form again.

Comment ing on Wilson’s theo ry, J. T. Hollin has no ted the  possibility  of a cata s
trop hic surge or advance of the  ice sheet , such as has been recorded from small 
glaciers on  numerous occasions. The largest surge yet  reported  is prob ably  tha t of 
the  ice cap in Spitsbergen, which advanced up to  twenty -one k ilometers on a front  
of thi rty  kilometers sometime between 1935 and 1938. There aie  also reports of 
glacial advan ces at speeds up to one hundred meter s per day. Hollin speculates 
that , once the  bottom-mel ting  phase of a gravit ationally unstab le ice cap  is reached 
it will move quickly . In addition  to trapped geotherm al heat melting th e ice at  the; 
botto m, the re are additional con tributions frem frict iona l hea t generated as the  
glacier scrapes along t he  solid ground.

If the speculative theory  of Wilson is correct (and there  are many att rac tiv e 
featu res to it),  then  a mechanism does exist for cata strophically alte ring  the 
ea rth’s climate. The release of th erm al energy, perhaps through  nuclea r explosions 
along  the  base of an ice sheet, could init iate o utward sliding  of the ice sheet which 
would then be susta ined by gravita tion al energy. One megaton of energy is suffi
cient to mel t abou t 100 million tons  of ice. One hundred  mega tons of energy  
would convert 0 .1 cm. of ice into  a thin layer  of water covering the  enti re Ant 
arc tic ice cap. Lesser amounts  of  energy suitably  placed could undoub tedly 
init iate  the  outw ard flow of the ice.

Wha t would be the  consequences of such an operation ? The imm edia te effect 
of this vast qu an tity of ice surging into  the  water, if velocities of one hundred 
meters per day  are appropriate, would be to create massive tsunamis (tida l 
waves) that  would complete ly wreck coastal regions even in the Nor thern Hemi
sphere. There would then  follow m arked changes in c limate  b rought  a bout by the

< suddenly changed reflectivity  of the  ear th.  At a rate of one hundred  meters per
day, the  center of the ice sheet  would reach the lan d’s edge in for ty years .

Who would stand to benefit from such application? The logical candidate 
would be a landlocked equator ial country . An extended glacial period would 
insure near-A rctic conditions over much  of the tem perate  zone, bu t tem per ate  
climate with abu ndant  rainfal l would be the rule in the  present trop ical  regions.

F U T U R E  O F W E A T H E R  A ND CLI M A TE  M O D IF IC A TIO N

The foregoing perhaps represents a more positive view of wea ther  and  clima te 
modification than th at  held by many ea rth  scient ists. I believe this view is justified 
as it is based on three scientific and  technological advances. Firs t, und ers tanding 
of basic meteorology has advanced  to such an extent  th at  mathem atic al models 
of the  atmosph ere here have been developed incorpora ting the  most im porta nt 
elements.  Physical processes in clouds, in t urb ule nt exchanges at  the surface , and
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in tr an sm is si on  of ra di at io n th ro ugh th e  at m osp her e ar e no  long er  as  m ys te riou s 
as  th ey  on ce  we re.  The  vo lumes  si m ula te d by  th e  mod els ra ng e from  th e  size  of a 
sin gle  clo ud  to  th e  en ti re  a tm osp here ; th es e mod els ar e no  lo ng er  pr im it iv e 
re pr es en ta tion s.

Se cond ly,  th e  advent of high -s pe ed  co m pu te rs  en ab le s at m osp her ic  mo dels 
to  be  st udie d  in  gr ea te r de ta il . The se  co m pu te rs  hav e a pe cu lia r im port an ce  to  
w ea th er  mod ifi ca tio n,  sin ce th ey  wi ll en ab le  sc ie nt is ts  to  ca rr y o u t ex tend ed  
ex pe rim en ts  to  te s t w he th er  or  not var io us sche mes  fo r m anip ula ting  th e  a tm os
ph er e ar e in de ed  possi ble  and w hat  th e  ou tcom e sh ou ld  be.

The  th ir d  ad va nc e lend in g su pport  to  ex pe ct at io ns  fo r w ea th er  and  cl im ate 
m od if icat io n is th e  new arr ay  of in st ru m en ts  de ve lope d to  ob se rv e and  det ec t 
ch an ge s in  th e  atm os ph er e.  The  m ost  d ra m at ic  and  pe rh ap s th e  m ost  po we rfu l 
is th e  meteo ro logica l sa te ll ite,  wh ich  pr ov id es  a  p la tf orm  wh ence  th e  at m os ph er e >
ca n be  ob se rv ed , not on ly  in ge og ra ph ic al ly  inac ce ss ib le reg ions , b u t also wi th 
en ti re ly  new ph ys ical  m ea su re m en ts . F or ex am ple,  meteo ro logica l sa te ll ites  of 
th e  fu tu re  will  pe rm it th e det er m in at io n  of hu m id ity , te m pera tu re , and pr es su re  
as  av er ag ed  ov er  su bst an ti al  vo lum es  of th e  at m os ph er e,  pr ov id in g quan ti ti es  
th a t ar e ne ed ed  to  de ve lop th e  m at hem at ic al  mod els. Sop his ti ca te d su rfac e +
in st ru m en ta tion , fo r ob se rv in g det ai le d pro cesses  w ith in  sm al le r part s of  th e 
atm os ph er e,  pr ov ides  u s with  fa r mor e powe rfu l tool s w ith  wh ich  to  look  a t clo ud s 
an d a t th e  in te ra ct io n of th e  at m osp he re  w ith  it s bou nd ar ie s th a n  th os e which  
were av ai la bl e te n  or  tw en ty  ye ar s ago.

EA R TH Q U A  K E M O D IF IC A TIO N

W ha t ca us es  ea rt hq ua kes ? Ove r geolo gic al tim e,  th e  ir re gu la r di st ri bution of 
hea t- pr od uc in g ra di oa ct iv e el em en ts  in th e  rock  laye rs  giv es rise to  su bs ur face  
te m pera tu re  dif fer ences be tw ee n va riou s par ts  of th e  ea rt h . In  th e  co nt in en ts , 
gr an ites  and si m ilar  rock s ha ve  c once ntr at ed  r ad io ac tive  el em en ts  n ear t he  su rfac e;  
no  s im ilar  c onc en tr at io n ha s ta ken  plac e in  t h e  su bo ce an ic  reg ion s, which  m ay  a s a 
re su lt be mor e th an  one hund re d de gree s ce nt ig ra de  coole r th an  th e  co rres po nd ing 
su bco nti nen ta l reg ion s. Su ch  var ia tions in  te m pera tu re  alon g a ho rizo nt al  line , 
du e to  th e dif fer ences in th e ve rt ic al  d is tr ib ution  of hea t- pr od uci ng e lem en ts , give 
rise  to  la rg e th er m al  str es se s, ca us in g st ra in  an alog ou s to  th a t which  crac ks  a 
glass tu m ble r filled w ith  hot  w at er . T he  st ra in  te nds to  be gre at es t in reg ions  of 
ab ru p t te m pera tu re  ch an ge  alon g a ho rizo nt al  line th ro ugh  th e e a rt h ’s cr us t. The  
st ra in  m ay  be par ti al ly  re lie ve d by  th e  slow co nv ec tiv e flow o f m at er ia l in th e dee)) 
e a rt h  which  is th ou gh t by  some ge op hy sici st s to  pus h co nt in en ts  ab out.  Bu t th e 
st ra in  ca n als o be re lie ve d by sh ar p fr ac tu re s or  by  m ov em en ts  alon g pr ev ious  
fa ult s in ro ck s nea r th e su rfac e.  M ov em en t alon g a fa ul t ra dia te s en er gy  ou tw ar d,  
wh ich  re su lts  in an  ear th quak e.  E ac h yea r appr ox im at el y 200 m eg at on s of st ra in  
en er gy  is re leas ed  in th is  fash ion,  th e  largest, eart hquakes co rr es po nd in g to  en erg y 
of th e  ord er  of  100 m eg aton s. Th e e ne rg y re leas ed  de pe nd s on  t he vo lum e of m at er ia l 
af fecte d.  The  la rg es t ea rt hquakes ta ke  pla ce a long  fau lt s ha vi ng  a line ar  d im ensio n 
of 1000 ki lo m et er s,  wh ere as  sm al le r ones ta ke place alon g fa ult s of one ki lo meter  
or  less.

M aj or  ea rt hquakes te nd  to  be  loca te d alo ng  tw o main be lts . One be lt,  alo ng  
wh ich  abou t eigh ty -fi ve  per ce nt  of th e  to ta l en er gy  is re leased , pa sses  ar ou nd  th e »
Pac ific  an d af fects  co un tr ie s wh ose co as tli ne s bor de r th is  oc ean,  for  ex am ple 
Ja p an  and th e wes t co as t of N ort h  Am eri ca . The  seco nd  belt passes  th ro ug h the 
M ed iter ra nea n reg ion s ea st w ar d th ro ugh Asia  an d jo in s th e f irst belt in Indo ne sia.
Alo ng th es e tw o be lts , la rg e eart hquakes oc cu r w ith  va ry in g fre qu en cie s. In 
Cal ifor ni a a  larg e ea rt hquake m ig ht  be ex pe cted  on ce  ev er y fif ty  to  one hun dr ed  
ye ar s,  wh ile  Ch ile  m ig ht  e xp ec t s uc h a d is tu rb an ce  once ev ery ten to  tw en ty  ye ars .
So met im es  m aj or  ea rt hquakes hav e oc cu rred  in reg ions  or di na ri ly  th ou gh t of as 
be ing fre e from  risk. For  ex am pl e,  th e New M ad rid eart hquake of 1811-18 12  
devast a te d  a lar ge  ar ea  of ce ntr al  N ort h  Ame ric a but ha d on ly  sligh t cu ltura l 
eff ec ts be ca us e of th e a re a’s s par se  po pu la tion .

Toda y,  ou r de ta iled  unders ta nd in g  o f the mec ha ni sm  th at  causes  an  ea rt hqua ke 
an d of ho w th e re la te d in st ab il it ie s can be tr ig ge re d is lim ite d.  On ly with in  th e 
la st  few ye ar s hav e se rio us  di sc us sion s of  eart hquake pr ed ic tion  be gu n,  whe reas  
m oder at el y re lia bl e w ea th er  fo re ca st s ha ve  bee n av ai la bl e fo r about th e  l as t th ir ty  
to  fi fty  ye ar s.  C ur re ntly , su b sta n ti a l effort  is be ing  mad e,  prim ar ily by  Ja pan  an d 
th e  U nit ed  S ta te s,  to  de ve lo p te ch niq ues  f or  f or ec as tin g ea rt hquak es . Th ese te ch 
ni qu es  ar e ba se d to  a larg e exte nt on th e de te rm in at io n of ch an ging  st ra in  cond i
tion s of m at er ia ls  in th e ro ck s su rr ou nd in g reco gn ized  fa ul t zones . Of possible  
va lu e is th e  ob se rv at io n th a t be fore  an  eart hquake th e ac cu m ul at in g st ra in  
accelerates.
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Control  of ear thquak es is a p rospect even more dista nt than that  of forecasting , 
although two techn iques  have been sugges ted throug h recent experience.

1. In the course of the  unde rground testing of n uclear weapons at the  Nevad a 
lest site, it was observed tha t an explosion apparen tly  released local s train in the  
earth. The hypothesis  is th at  the  swift build-up of stra in due to the  sudd en 
release of energy  in an explosion discharges stra in energy over a large volume 
of material.

2. Another method of releasing stra in energy has appe ared  from pumping of 
underground wate r in the  vicin ity of Denver , Colorado, which has led to a series 
of small ea rthquakes. The hypothesis here is th at  underg round water has prov ided  
local lubrica tion permit ting  adjacent  blocks to slip by one another.

The use as a weapon system of the stra in energy instability  within the solid 
•* ear th requires  an effective  trigger ing mechanism. A scheme for pumping water

seems clumsy and  easily detectab le. On the  other hand , if the stra in pa tte rn  in 
the crus t can be acc urately  de termined, the  phased or tim ed release of energy f rom 
smaller faults, designed to trigger  a large fau lt at  some distance, could be c ontem
plated. This timed release could be act iva ted  thro ugh  small explosions and  thus

♦ it might be possible to use this release of energy  stored in small faul ts at  some
distance from a majo r fault to trigg er th at  major  faul t. For  example, the  San 
Andreas fault zone, passing near Los Angeles and San Francisco, is pa rt of the  
grea t ear thquak e belt  surrounding the  Pacific. Good knowledge of the  stra in 
within this belt might permit  the set ting  off of the  San Andreas zone by time d 
explosions in the China Sea and Philippine Sea. In con trast with certa in meteor
ological opera tions, it would seem ra ther  unlikely th at  such an att ack could be 
carried out cove rtly und er the  guise of n atu ral  e arthquakes.

M OD IF IC ATIO N  O F OCEA NS

We are  stil l in the very  ea rly stages of develop ing the theo ry and techniques for 
predic ting the  s tat e of th e oceans. In the  p ast  two decades methods have been de
vised for the pred iction of surface waves and  surface wind dist ribu tion . A warning 
system for t he tsunamis  (tida l waves) produced by earthqu ake s has also been de
veloped.

Certain currents  within  the oceans have been identified, bu t we do not  ye t know 
what the variable components are;  th at  is, what the  wea ther  within  the ocean is. 
Thus we have not  been able to ident ify any  instabiliti es within  the oceanic circu
lation th at  m ight  be easily  manipulated . As in the case of the solid e arth, we can 
only speculate ten tat ive ly abo ut how oceanic processes migh t be controlled.

One instabil ity offering potentia l as a future  weapon system is th at  associated 
with tsunamis. These frequently originate from the slumping into the deep ocean 
of loosely consolidated sediments and rocks perched on the  continental  shelf. 
Movement  of these sedim ents can trigg er the  release of vas t quant ities of grav ita 
tional energy, p ar t of which is converted in the  motion of the  tsunami.  Fo r example, 
if, along a  1000-kilometer edge of a con tine nta l shelf, a block 100 me ters deep  and 
ten kilometers wide were d ropped a dis tance of 100 meters,  a bout 100 megatons of  
energy  would be released. This release would be cata strophic to  an y coasta l na tion . 

r  How could it be achieved? A series of phased explosions, perhaps sett ing off natural
earthquakes, would be a  most effective way. I could even specu late on planning a 
guided tida l wave, where guidance is achieved by correctly  shap ing the  source
which releases energy.

■* B R A IN  W AVES  A ROUND T H E  W ORLD ?

At heights of for ty to fifty kilometers above  the ea rth’s surface  sub sta nti al 
numbers of charged part icles  are found which make this  pa rt of the  atmosphere, 
the  ionosphere, a  good conductor  of elect ricity . The rocks and  oceans are also more 
conducting  than  the lower atmosphere . Thus, we live in an insulating a tmosphe re 
between  two spherical conduct ing shells or, as the radio  engineer would pu t it,

. in an earth-ionosphere cavity,  or wave guide. Radio waves striking eith er con
duc ting  shell tend to be reflected back into the cavi ty, and  this phenomenon is 
what makes conventional long-distance radio  comm unica tion possible. Only 
recen tly, however, has there been any  inte res t in na tur al electrical resonances  
within the earth-ionosphere wave guide. Like any  such cavity, the  earth  ionosphere  
wave guide will t end  to sus tain radio oscillation at  certain frequencies in prefer
ence to others. These resona nt frequencies are primarily  dete rmined by the  size 
of the  ear th and the  speed of light, bu t the propertie s of the  ionosphere modify 
them  to a certain extent . The  lowest resonances begin at  abo ut eight cycles per  
second, far below the  frequencies ordinari ly used for radio communica tion.



132Because of their long wave length and small field strength, they are difficult to dete ct. Moreov er, they  die down quic kly , within one sixteenth of a second or so; in engineering terms, the cav ity has a short-time constant.The natura l resonant oscillations are excited by light ning  strokes, cloud-to - ground strokes being a much more efficien t source than horizontal  cloud-to-cloud discharges. On the a verage, about one hundred lightn ing strokes occur ea ch second (primarily concentrated in the equatoria l regions), so that  normally abou t six light ning  flashes are available to introdu ce energy before a particular  oscillation dies down. A typ ical oscillation’s field streng th is of the order of 0.3 milliv olts per meter.The power o f the oscillations varies geographicall y. For  example , for a source located on the equator in Brazil the maximu m intens ity of the oscillation is near the source and at the opposite side of the earth (around Indon esia) . The *intens ity is lower in intermediate regions and toward the poles.One can imagine several ways in which to increase the inten sity of such electrical oscillations. The number of light ning  strokes per second could be enhanced by artifi cially increasing their original  number. Sub stan tial progress has been made in the understanding of the physics of light ning  and of how it migh t be controlled.  The natura l oscillati ons are excited by random ly occurring strokes. The excitat ion of timed strokes would enhance the efficiency with which energy is injecte d into an oscillation.  Furtherm ore, the time constant of the oscillation would be doubled by a fourfold increase in the electrical conductivit y of the ionosphere, so that  any scheme for enhancing tha t con duc tivi ty (for example , by injec ting readily ionized vapor) lowers the energy losses and lengthens the time constant, which would permit a greater number of phased lightn ing strokes before the decay of an oscillation.The enhanced low-frequency electrical oscillations in the earth-ionosphere cav ity relate to possible weapons systems through a little understood aspect of brain physiology. Electr ical act ivi ty in the brain is concentrated at certain frequencies, some of it extremely slow, a little  around five cycles per second, and very conspicuous act ivi ty (the so-called alpha rhythm) around ten cycles per second.Some experiments have been done in the use of a flickering light to pull the brain’s alpha rhyt hm into unnatu ral synchrony with it;  the visual stimulation leads to electrical stimulation. There has also been̂  work on direct electrical driving of the brain. In experiments discussed by Norbert  Wiener, a sheet of tin is suspended from the ceiling and connected to a generator working at ten cycles per second.With  large field strengths of one or two volts per centimeter  oscillating at  the alpha -rhyth m frequency, decidedly unple asant sensations are noted by human subjects.The Brain Research Inst itute of the Univ ersi ty of Cali forn ia is inve stiga ting the effect of weak oscilla ting fields on human behavio r. The  field strengths in these experiments are of the order of  a few hundredt hs o f a volt per centimeter.Subjects show small but measurable degradat ion in performance when exposed to oscillat ing fields for periods of up to fifteen minutes.The field str engths  in these experiments arc still much stronger, by a factor of about 1000, than the observed natur al oscillations in the earth-ionosphere cav ity . »However , as previously noted, the inten sity of the natural  fluctua tions could beincreased subs tantially  and in principle could be maintained for a long time,  as tropical thunderstorms arc always availabl e for manipulat ion. The proper geographical location of the source of ligh ting , coupled with accurately timed,  arti- fically excited strokes, could lead to a patte rn of oscillations tha t produced *relat ively  high power levels over certain regions of the earth and subs tantially lower levels over other regions. In this way,  one could develop a system tha t would seriously impair brain performance in very large populations in selected regions over an extended period.The  scheme I have  susggested is adm ittedly  far-fetched,  but  I have used it to indicate the rather  subtle connections between variation s in man ’s environm ental conditions and his behavior. Perturbation of the environm ent can produce changes in behavi or patter ns. Since our understanding  of both behavioral and enviro nmental manipulat ion is rudime ntary, schemes of behavioral  alteration  on the surface seem unrealistic. No matter  how deeply disturbing the thou ght of using the environment to manipulate behavior  for national adva ntag e is to some, the techno logy perm ittin g such use will very probably develop within  the next few decades.
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SE C R E T  W AR AN D C H A N G IN G  R E L A T IO N S H IP S

Deficiencies bot h in the basic und ers tanding of the physical processes in the  
envi ronm ent and in the  technology of envi ronmen tal change make  it  highly  
unlikely th at  environmen tal modification will be an att rac tiv e weapon sys tem in 
any direct m ilit ary  confrontation in th e near fu ture. Man already possesses high ly 
effective tools for dest ruct ion.  Eventual ly, however, means oth er than  open 
warfare may be used to  secure na tional ad van tage. As economic compet ition  among 
many  advanced  nations  heightens, it may  be to a country’s advantage  to ensure 
a peaceful na tur al environment for itself and a dis turb ed envi ronmen t for its 
competitors. Operations  producing such conditions mig ht be carried ou t covertly, 
since na tur e’s great irreg ular ity permits storms, floods, droughts,  ear thquak es, 
and tidal waves to be viewed as unu sua l b ut  not unexpected. Such a “sec ret wa r” 
need never be declared or even known by the affected populations. It  could go on 
for years with  only the  security forces involved being aware of it. The  years of 
drou ght  and  storm would be at tri bu ted to unkindly nature , and  only  af ter a 
nation was thoroughly d rained would an armed  take over be attempted.

In addition  to the ir cover t nature , a feature common to several  modification 
schemes is their abi lity  to affect the  e ar th  as a whole. The environ men t knows no 
political boun daries; it is inde pendent of the ins titu tion s based on geography, 
and the  effects of modifica tion can be projected from any  one poin t to any  oth er 
on the  ear th. Because  environmen tal modification may  be a dom inan t fea ture  of 
futu re world decades, there is concern th at  this incipien t techno logy is in total  
conflict with m any of the tr adi tional  geographica l and political  units a nd concepts.

Politica l, legal, economic, and sociological consequences of deliberate  environ 
men tal modifica tion, even  for peaceful purposes, will be of such complexity  th at  
perhaps all our  presen t involvements in nucle ar affairs will seem simple. Our 
underst and ing of basic  environmen tal science and  techno logy is primi tive, bu t 
still more primi tive are  ou r not ions of the proper political forms and procedures to 
deal with  the  consequences of modifica tion. All experience shows that  less signifi
can t technological changes  than  env iron men tal control finally transform politica l 
and social re lationships. Experience also shows th at  these transformat ions  are no t 
necessarily predictab le, and that  guesses we mig ht make  now, based on p recedent, 
are likely to be qui te wrong. It  would seem, however, th at  these nonscientific , 
nontechnological problems are of such mag nitude th at  they  deserve consideratio n 
by serious studen ts throug hou t the  world if society is to live comfortably in a 
controlled environment.
Author’s note: In the  section  on weathe r modifica tion I have drawn heavi ly on 
Weather and Climate Modification (Na tion al Academy of Sciences, Nat ional 
Research Council, Washington, 1966). A. T. Wilson’s paper on “Origin of Ice 
Ages” appeared in Nature, vol. 201, pp. 147-49 (1964), and J. T. Ilo llin ’s comments 
in vol. 208, pp. 12-16 (1965). Release of tectonic  str ain  by unde rground nuclear 
explosion was repo rted  by F. Press and C. Archambeau in Journal of Geophysical 
Research, vol. 67, pp. 337-43 (1962), and man-made earthqu ake s in Denver by 
D. Evans in Geolimes, vol. 10, pp. 11-17. I am grate ful to J. Homer a nd W. Ross 
Adey, of the  Brain Rese arch  Insti tute of the Univer sity  of California at  Los 
Angeles, for info rmation on the  experim enta l investigation of the  influence of 
magnet ic fields on hum an behavior.

E n v ir o n m e n t a l  W a r fa r e  an d E c o c id e— F acts , A p p r a is a l , an d  P r o po sa l s  
( R ev is e d  V e r s io n )

(By Ric har d A. Fa lk, Princeton Univers ity)

I

In Indo china during the past  decade we have th e first modern  in stance in which 
the  envi ronmen t has been selected as a “m ili tary” ta rget  app rop ria te for  com
prehensive and sys tem atic  destruction. Such an occurrence does no t merely reflect  
the  dep rav ity of the  high-technology sensibilities of the war-planners.  I t carrie s 
ou t th e demonic logic of co unte rinsu rgency warfare, especia lly when the  insurgent  
th reat  is both formidable and  se t in a trop ical  locale. Recourse to delibera te forms  
of envi ronm enta l warfare  is par t of the  wider  mil itar y conviction th at  the only 
way to  defeat the  insurgent  is to deny him the cover, the  food, and the  life-s upport 
of the countryside.
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U nder su ch  co nd it io ns  bo mbe rs  and  art il le ry  se ek  to  d is ru p t al l ac ti v it y , an d 
in su rg en t for ces  fin d it  mo re  dif fic ul t to  m as s fo r ef fecti ve  a tt ack . Su ch  po lic ies  
hav e l ed  in In doch in a to  th e  d es truct io n of v ast  tr a c ts  of fo re st  l and  and  to  so -call ed  
“cr op -d en ia l pr og ra m s. ” The  U.S.  G ove rn m en t has  a lt er ed  t ac ti cs in  r ec en t yea rs , 
sh if ting  fr om  ch em ical  he rb ic ides  to  Rom e Plow s as  th e pr in ci pal  m ea ns  to  st ri p  
aw ay  th e  pro te cti ve co ve r of th e n a tu ra l la nd sc ap e,  b u t th e  ba si c ra tional e of 
se par at in g  th e pe op le  fro m th ei r la nd  and  it s li fe -s up port  chara ct er is ti cs  per si st s.
Su ch  po lic ies  m us t be  co up led  w ith  th e  more fa m il ia r te nets  of co un te rins ur ge nc y 
do ct rine  which  seek  to  dry  up  th e se a of civi lia ns  in  which  th e  in su rg en t fish  a t 
te m p t to  sw im . Thi s dr yi ng  up  process  is tr an sl a te d  m il it ar ily  in to  mak in g th e 
co un tr ys id e un fi t fo r civ ili an  hab it at io n . To tu rn  In doch in a in to  a  se a of fire  an d 
co mpe l pe as an ts  to  flee  th eir  ance st ra l ho m es  was  co ns ciou sly  em bo di ed  in  a 
se rie s of  w ar  po lic ies  i nc lu di ng  “ fre e-f ire  zo ne s,”  “s ea rc h and  dest ro y” ope ra tion s,  ►
and th e  va riou s ef fo rts  to  mo ve  vi lla ge rs fo rc ib ly  in to  se cu re  ar ea s.  The re fo re , it  
is im port an t to  unders ta nd  th e exte nt to  which  en vir onm en ta l w ar fa re  is lin ke d 
to  th e ov er al l ta ct ic s of high -tec hn ol og y co un te rins ur ge nc y w ar fa re , and ex te nd s 
th e  in di sc rim in at en es s of w ar fa re  ca rr ie d on  ag ai nst  pe op le  to  th e  la nd its el f.
Ju s t as  co un te rins ur ge nc y war fa re  te nds to w ard  ge nocid e w ith  re sp ec t to  th e  #
pe op le,  so  it  te nds to w ar d ecoc ide  w ith  re sp ec t to  th e en vir onm en t.

I t  m ay  be  more th an  co incide nt al  th a t a t th e  hi st or ic al  m om en t whe n we  ar e 
in  th e proc es s of di sc ov er ing th e  ex te n t to  which  m an ’s no rm al  act iv it ie s ar e 
de st ro yi ng  th e ecolo gica l ba sis of life  on  th e p la n e t th a t we  sh ou ld  als o be  co n
fr onte d  by  th is  e xtr ao rd in ary  en te rp ri se  in  In doch in a of del ib er at e envir onm en ta l 
des tr uct io n . The se  co nsciou s an d un co nscio us  te nd en ci es  ne ed  t o  be  link ed  in an y 
adequate  fo rm ula tion of th e  wor ld  ord er  ch al leng e co nf ro nt in g m an ki nd . I t  is 
als o w or th  no ting th a t so  fa r,  a t le as t, th e  ta rg e t ar ea  of en vir onm en ta l w ar fa re  
is th e T hir d  Worl d, a se ct or of wor ld  so ci et y th a t ha s la rg ely di sa vo wed  th e 
re le va nc e of  th e  ecolo gica l ag en da  to  it s sc he du le  of pr io ri ties . Environm en ta l 
w ar fa re  is a  d ra m ati c  re m in de r of th e  e x te n t to  which  th e p la net  as  a wh ole  m ust  
mo bi liz e a re sp on se  to  th e  ecolo gic al ch al leng e to  su st ai n  life  on  ea rt h  and  b ea t 
ba ck  reve rs ions  t o  b ar bar is m  e m an at in g f ro m th e  “ad van ce d”  regi on s an d ap pl ie d 
to  th os e th a t ar e re la tivel y  “bac kw ar d.”  I t  is a fo rm  of da ng er ou s pr ov in cial ism  
fo r th e co un tr ie s of As ia and  Af ric a to  ca ll fo r “ be nign  ne gl ec t” whe n it  co me s to  
th is  s ub je c t- m att er;  p er hap s th e r el ev an ce  of e co logica l i ssues can be  g ra sp ed  m or e 
cle ar ly  by  T hir d  W or ld  lead er s an d pe op les in  re la tion  to  en vir onm en ta l w ar fa re .

I I

On  a  mor e te ch ni ca l leve l th er e ar e se ve ra l iss ue s of re la te d co nc ern th a t ne ed  
to  be  co ns id ered . F ir st  of all , it  see ms  im p o rt a n t to  ass ess  th e ex te n t to  wh ich  
patt ern s of envir onm en ta l war fa re  vi ol at e ex is ting  cr it er ia  of legal ju dgm ent.
Se co nd ly , th er e is a ne ed  to  pr om ot e th e  de ve lo pm en t of new law  th a t ca ptu re s 
th e un iq ue ne ss  of re ce nt  de ve lo pm en ts  and  an ti c ip ate s fu tu re  da ng er s;  in  part ic 
ul ar , th e  se ar ch  fo r cl ea r st andard s of leg al pro hi bi tion di re ct ed  ex pl ic itl y to w ar d 
en vir on m en ta l w ar fa re  m ig ht  he lp  sh ap e fu tu re  co nd uc t. M an y gove rn m en ts  
ha ve  be en  re lu c ta n t to  pro te st  ag ai ns t w hat th e  U ni te d Sta te s ha s be en  do ing 
in  In doch in a and so hav e av oi de d a  co nc ern w ith  en vi ro nm en ta l w ar fa re . At  th is  
st ag e it  i s po ss ible to  f or m ul at e,  a t leas t, a  ser ies  of pu bl ic  de m an ds  aro und which  *
popula r su pport  ne ed s to  be  ra lli ed  if gov er nm en ts  an d wo rld  in st it u ti ons ar e 
go ing to  jo in  in  th e m ov em en t fo r re ct ifyi ng  ac tion .

H I  >

In  co ns id er ing th e re leva nc e of  in te rn ati onal law  I wi sh  to  m ak e se ve ra l pr e
lim in ar y  po in ts  th a t bea r on  mor e spe cif ic as se ssm en ts :

(1) The  co nn ec tion  be tw ee n tr ea ti es  and  cu st om ar y in te rn ati onal law .
(2) T he  ro le  of wor ld  co m m un ity co ns en su s in  in te rp re ting  th e  re quir em en ts  

of  in te rn ati onal law .
(3) The  im po rt an ce  of pr incipl es  of cust om ar y in te rn ati onal law  fo r th e  in 

te rp re ta ti on  of th e  leg al  st a tu s of d is pute d  ta c ti cs of war fa re .
(4) T he  im po rt an ce  of mor al  co ns id er at io ns  in  ju dg in g w hat is pe rm iss ib le  

beh av io r of go ve rn m en ts  and th eir  official s.
(5) The sign if ic an t dis tinc tion  be tw ee n th e  ill eg al ity  of gove rn m en ta l co nduct  

and th e cr im in al ity of  in di vi du al  co ndu ct  (w he th er  or  no t in  th e lin e of off icia l 
d u ty ) .
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1. The connection between treaties and customary international law
There has been a tend ency by governments to confine the scope of the law of 

war to  tre aty  law. Such confinement is improper. Eve n the US Army Field Manual 
27-10  acknowledges th at  cus tom ary  inte rna tion al law complements tre aty rules. 
It  is important to und ers tand th at  customary  norms exist and apply because  of 
the  degree to which modern weaponry and  battlefield tact ics have evolved  since 
the time  when the basic treaties were form ulat ed at  the  tu rn  of the  cen tury . 
The broad lawmaking treatie s in 1907 bearing on the law of war were themselves 
specific embodiments  of genera l principles  of belligerent res tra int  as they related 
to war technology and  tact ics existing at  th at  time. These customary principles, 
more tha n the  tre aty  rules the y gave rise to,  remain the  prim ary basis for giving 
legal substance to the law of war in the  face of a  dras tical ly alte red  technological 
and  mil itary  environm ent. New treat ies would be desirable,  because of the ir 
capacity  to genera te agreed interp retatio ns of the specific implications  of new 
weaponry and  tactics in rela tion  to the  customary principles underlying the law 
of war. Such trea ties could provide autho rita tive reading of limits  on sta te  be- 
havior and  would also be more likely to engender  respect as contemporary 
governm ent officials would have tak en pa rt in the  reformulation  process and  
renewed the ir commitments by par ticipating in the  trea ty-m aking rituals of 
solemnity.1

But in the  absence of a  new rou nd of H ague-type conferences the  b est ground 
th at  exists for legal jud gm ent  is to examine contested belligerent pract ices in 
light of the  more general policies to which the y gave expression. Customary 
principles of int ernatio nal  law [see section (3) below] ar e of g rea t im portance  in an 
effort to unders tand the  legal status  of the various dimensions of environmental 
warfare.
2. The role of world community consensus in interpreting the requirements o f inter

national law
The increasing num ber of acto rs, the ir diversity , and  the  complexity  of inter

nat ional life make it more difficult to  re ly upon procedures based on governmental 
consent to  develop ei ther  bind ing new in terpre tat ion s of old rules or the  generation 
of new rules of internatio nal  law. In  such a context  a consensus  of gove rnments 
acting with in the  scope of fo rmal procedures is increasingly  viewed as capab le of 
generating aut horitative  interp retations and  standa rds . The  most signif icant 
arena wherein  these  newer procedures of law-c reation have  been  used  is the  
Genera l Assembly of th e United  Nations.  The sta tus of these resolutions r emains 
controversial, especially among  the more sovereignty-oriented  governments, bu t 
I think the record of rel iance on such resolutions in areas of a rms  contro l, space, 
and  hum an righ ts create s a body of pract ice in sup port of the  contention th at  
these  re solutions can, where intend ed b y a large ma jor ity  of governments, declare 
and  c reate law.

It  is tru e th at  the  degree of author itat iveness and effectiveness of such law
making ac tiv ity  will depend on a num ber  of factors  including the  str eng th and 
qua lity  of consensus,  th e s trength and q ual ity of d issent, the  specificity  of demand, 
the  willingness to implement conform ity with  prior  legal and mora l expectatio ns, 

r The basic  point  is th at  the  General Assembly now possesses a quasi-legislat ive
competence  th at  needs to  be seriously considered whenever it  is relev ant , especia lly 
when i t sets for th a prevail ing int erp ret ati on  of th e conte nt of a previously  agreed
upon legal rule.

< 3. The importance of principles of customary international  law for the interpretation
of disputed tactics o f warfare

Four principles of customary inte rna tional  law provide guidelines for the 
int erp ret ation  of a ny belligerent conduc t not  specifically covered by valid  tre aty  
rule :

I. Princ iple of necessity.—No tac tic  or weapon may be employed in war th at  
inflicts superfluous suffering on its vict ims even if used in the  purs uit  of an other
wise reasonable mil itary objec tive.

II . Princ iple of humanity.— No tac tic  o r weapon may  be employed in war th at  
is inherently cruel and  offends minim um and widely shared mora l sensibili ties.

* Such an a rgument is convincingly se t forth in  Abram Chayes, “An Inq uiry  into  th e W orkings of Arms 
Control Agreements,”  Ha rva rd Law Review, Vol. 85 (March 1972), pp. 905-969.
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II I.  Princip le of proportionality.— No weapon or tac tic  may be employed in 
war  th at  inflicts death , in jury,  an d d estruct ion  disproportionate to it s contr ibution  
to the  pur sui t of lawful milit ary objectives.

IV. Principle of discrimination.— No w eapon  or t ac tic  m ay be employed in w ar 
that  fails to  discriminate  between  milita ry and  non-military target s and  th at  is 
eith er inherently  or in pract ice incapable of discr iminating  between com batants 
and  non com bata nts.

These  four principles are general and  are adm itte dly  difficult to app ly to the  
complexities  of t he battlefield. However, a rule of reason can be used to ident ify 
pa tte rns (as dis tinc t from instances) of clear  violation, where the  weapons and 
tac tics  are used in such a way as can not  be reasonably  construed as compatible 
with  these princip les of overriding con stra int.  Such princip les also reflect a 
minim um moral  content  th at  underlies the whole ente rprise of a law of war, ad- ►
mi tting  its inev itable horror , but  still striving for a mit iga ting  framework  of 
restr ain t.

Cus tomary principles of international law a re espec ially imp ort ant in relat ion to 
the  law  of war because of its dynamic cha rac ter.  The  unde rlying commitmen t of 
governments to  res tra int  depends  upon the in terp lay  between good faith  adherence  
to these four princip les and t he  ac tua litie s of war. The famous DeMarten s clause 
inse rted  in the  Hague Conventions  acknowledged this importance:

Un til a more complete code of t he  laws of war  has been issued, the high 
con trac ting  Part ies deem it  expedient to declare tha t, in cases not included in 
the  Regulations adopted  by them , the inhabit ants and belligerents remain  
under the  protection and the  rule of the  principles of the  law of n ation s, as 
the y resu lt from the usages establish ed among civilized peoples, from the 
laws of humani ty, and  th e dic tate s of public conscience.

Widely ratif ied trea ties  such as the  1925 Geneva Protocol on Gas, Chemical, 
and  Bacteriological Warfare may also a tta in  the s ta tus of custo mary in tern atio nal  
law by  vi rtue  of a consensus among gov ernments active in  the world community— 
even  if the  consensus falls sho rt of unanimi ty—and the reb y bind  non-part ies.
The  reasoning here is analogous to th at  used in section (2) to discuss the poten tial ly 
au tho ritative  sta tus of General Assembly Resolutions pur portin g to interp ret  a 
tre aty.  G. A. Resolu tion 2603A (XX IV) , which extends the  coverage of the  
Geneva Protocol to tea r gas and herbicides, illustra tes both an effort to make a 
bind ing interp retation of a t reaty rule and to extend the  coverage of th e t reaty to 
the  en tire  community including n onparties. In the  te st of G. A. Resolution 2G03A 
“the General  Assembly . . . called for the str ict  observance by all Sta tes  of the 
princip les an d objectives of the Geneva Protocol” and “ Declares  as co ntrary  to the 
general ly recognized rules of internatio nal  law as embodied in the  Geneva Pro
toco l” the  use of t ear gas and chemical herbicides. The  point here, which will be 
discussed late r, is th at  the United  Sta tes is bound by “the principles and objec
tives”  of the Geneva Protocol, including  the inte rpreta tion of its  scope even though 
it has not ratif ied the  tre aty , In essence, such a  conclusion reflects the  view tha t an 
imp arti al thi rd party —for instance, the Inte rna tional  Court of Jus tice—would 
find th at  the  United  States is bound by the  Geneva Protocol and  by the int er
pre tat ion  of its scope affirmed by the  overwhelming major ity  of governments.
Such a prediction may be made eith er because the  Resolution is itself law-pro- t
claiming and  autho rita tive or because it is indeed an accura te decl arat ion of th e 
prop er meaning of the  Geneva Protocol (and parallel norm  in customary int er
nat ional law).

As a practica l mat ter, U.S. rati ficat ion may still be important because much 
of the international law of war depends for effective appl ication upon self-enforce- ►
ment, especially  when the actor is a major sta te not  in conflict (and hence not
dete rred  by) ano ther major  st ate . The Uni ted Sta tes would be much more likely 
to respec t the  Geneva  Protocol, as generally, if it explic itly ratified the  treaty , 
even though it remains the case th at  it is bound by its terms even prior 
to ratif ication.2

A final point has to do with the  common conte ntion  th at  gove rnments have  
genera lly used whatever  weapons a nd tact ics seemed to confer upon  them  a mili
ta ry  advanta ge without according much, if any, heed to rest rain ing principles 
of customary internat iona l law, or for th at  mat ter,  of trea ty  law. There is even 
a common misunderstanding th at  a claim of mili tary  necess ity overr ides legal 
res tra ints. The agreed understa nding of governments  embodied in the  law of war 
is that  legal rest rain ts have been formulated with due regard for mi litary necessity, 
and  th at  any  fur ther unilatera l abridgements are violations. To say th at  the  law

2 Indee d, it  could diminish the scope of its obligation by  accompanying it s ra tification wi th  ei ther  a res
erva tion  or a sta tem ent  of understanding which mainta ined the option to use herbicides and  r iot control 
gasses.
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of war is fre qu en tly  vio lated is merely  to  affirm th a t governm ents are no t ve ry  
law -ab idin g in th is are a, and are ind eed  crim ina lly  disposed , esp ecia lly where 
thei r vi ta l in ter es ts are a t sta ke .

Such a conclus ion argues  more for a dif ferent  sy ste m of law enforcem en t— 
pe rhaps spearheaded by  a law -mind ed cit ize nry —th an  for  a suspen sion  or  ne ga 
tion of the se in te rn at io na l rules. Also, there is evid ence, eve n bea ring di rect ly  on 
th e use of gas in war , to sugges t th a t legal  re st ra in ts  were  respec ted  inc lud ing  by  
th e Uni ted  State s, desp ite  the  fact th a t it  has  no t been a pa rty to  th e Ge neva 
Pro tocol, and desp ite  th e pro spe ct of some mili tar y ad va ntag e res ult ing  from the 
use  of gas in th e Paci fic isla nd warfa re again st the Japa ne se  during World Wa r II.
4- The importance of  moral factors in j udgin g what is permissible behavior of govern

ments  and  their officials
The law of war at te m pt s to reconcile  min imum mo ral ity  with th e prac tic al  

rea liti es of war.  This reconc ilia tion is best sum marized in the  fou r princi ple s of 
custo ma ry in te rn at iona l law. The mo ral  sense  of the comm unity  pro vid es a 
legislat ive direct ion  for th e gro wth an d un de rs tand ing of in te rnat iona l law.

In  no area  is it  as ap pr op riat e as in re la tio n to  wa r to  contend th a t “ th e law ” 
does and shou ld ref lec t t h a t which ou gh t to hav e been done or  no t do ne by govern
me nts  an d thei r rep resentat ives . Morali ty,  in t hi s sense,  a ttem pt s to  fill the  legis la
tiv e vacuum  crea ted  by  th e inst itu tio na l defic iencie s of in te rn at iona l soc iety an d 
ad ap t law to  so me ex te nt  to th e rapidly cha ng ing  reali tie s of war . In th is sense th e 
gro wth of th e in te rn at io na l law  of wa r ma y contain  a grea ter  ele me nt of re tro
ac tiv ity th an  in th e mo re dev eloped  co ns tit ut iona l sys tem s of dome stic  soc iety, 
but th e re troa ct iv ity exist s only  on a leg ali stic  plane.  Th e Nu rem berg in iti at ive 
pro vid es our mo st dr am at ic  i llu str at ion of a  legis lat ive  spasm in in te rn at iona l law  
th a t res ted  on th e firme st ground s of s ha red mo ral ity , but  a rou sed crit icis m from  
legalistic ally inc lined observe rs.3 Th e Indo ch ina  conte xt,  give n th e pub lic ou tra ge  
over the desecra tion of th e land  a t a tim e of ris ing  en vi ronm en tal  consciousness, 
cre ate s a  ta rg et  of o pp or tu ni ty  comp ara ble  to  N ure mb erg . Surely  it  is no  exaggera
tio n to  con sider th e fo rests  and pl an ta tio ns  trea te d by  Agent Orange  as an  
Auschw itz for  env iro nm en ta l values , ce rta in ly  no t from th e persp ect ive  of suc h a 
di st inct  env iro nm ental  spec ies as th e ma ng rove  t ree or nipa  palm . And ju st  as th e 
Genocid e Conven tion cam e along to  forma lize par t of wha t had al ready bee n 
con demn ed an d pu nis he d a t Nurem berg,  so an  Eco cide Co nvention cou ld help 
ca rry  for wa rd in to  th e fu tu re  a legal  condem natio n of environm ental  wa rfa re in 
Indo ch ina .
5. The signi fican t dis tinction  between the illegality  of governmental  conduct and the 

crimin alit y of ind ivi dual conduct
In te rn at io na l law  is m os t ch arac ter ist ica lly  con cer ned  with regu lat ing  th e 

behavio r of g overn me nts . Th e laws of wa r are bin din g on gov ern me nts , al thou gh  
na tio na l legal s ys tem s g enerally m ake  th e laws  of w ar b ind ing  on c om bat pe rso nne l 
an d pro vid e criminal  sanc tio ns  app licable in th e ev en t of vio lat ion s.4 As wel l, th e 
Nu rem berg approa ch  ma kes  i nd ividuals  c rim ina lly  li abl e for vio lat ion s of t he  laws 
of w ar even if th e vio lat ion s were com mi tte d in th e line  of du ty  and  in deference  to 
ord ers  issu ed by  bu reau crat ic  or mili ta ry  sup eriors . T hat  is, in te rn at iona l law  

t  dir ec ts th a t indiv idu al conformi ty wi th th e laws of wa r take  prec edence  over
no rm al obl iga tions to  d om estic  law  o r m ili ta ry  and  civilian lines of co mm and . Th e 
prac tic al  consequences of  suc h a  dir ec tive h av e en gendere d m any d ifficultie s dur ing  
th e Indo ch ina  War  for c ons cientious  Amer ican s. Th e Nu rem berg o blig atio n m ay  be 
take n more serious ly in th e Uni ted States  t ha n elsewhere bec aus e of a  t radi tio n of 
respec t for  ind ivi dual conscie nce  and bec aus e th e wa r crim es tri al s af te r Wo rld 
W ar  II  were so gr ea tly  a ref lect ion of Am eric an in iti at ive.  Danie l El lsb erg an d 
An tho ny  Russo, dr af t an d ta x res isters , an d an  expand ing  n at iona l mo veme nt of 
civil  disobedience  all draw’ su pp or t from th e wider logic of Nu rem berg which  
imp lies  n ot  o nly a ci tiz en ’s d ut y to refu se pa rt ic ip at io n in illegal wa r po licie s o r a n 
illegal war , bu t also  cre ate s a legal bas is fo r ind iv idua l ac tio n to  pr ev en t govern
men ta l crim es of w ar.

IV
I t is now’ possible to assess  th e leg ali ty of th e ma in comp onent s of envi ron

me nta l wa rfare as it  has bee n wag ed in In do ch ina.  I t  is im po rta nt  legally  to  
dis tinguish  between  w eapons  a nd  t ac tic s th a t are  d esigne d to  dama ge  the  en vi ron-

3 For range of responses see William J. Bosch, “Judg ment on Nuremberg: American At titu des  tow ard  
the Major Germ an War-Crime Trials ,” Ch apel Hill, N.C ., University of No rth Carol ina Press, 1970.

4 Th e Geneva Conventions of 1949 even have  a common provision obliging Par ties  to the trea ties "to 
enac t any  legislation necessary to provide  effect ive penal sanc tions” for persons  comm ittin g or ordering  
“grave br eaches.”
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incut and those tha t, like bombs, are designed to strike hum an or societa l targ ets , 
bu t may also, as a side effect, damage the environm ent. It  is also im porta nt to 
distinguish between specific occasions of environmen tal warfare and persistent 
patt erns of warfare that  produce cumulative effects on ecosystems th at  can be 
proper ly called “ ecocide” or policies th at  can be designated as “ ecocidal.” And, 
finally, it is necessary to decide whether the  scope of envi ronmen tal warfare 
includes the  human effects of these weapons. The issue on one level is whether 
man is to  be conceived, for this purpose, as an integral  elem ent of “ the  environ 
me nt” ; at a more practical level the issue is whether hum an side effects of chemical 
weapons like 2,4,5-T are to be included in a discussion of en viro nmental warfare.

The problem with the more expansive definition is th at  all forms  of warfare 
are detrimental to man and  his artif acts , and in this sense all warfare could be 
conceived to be environmental (or ecological) warfare, the reb y missing the  
distinctiv e feature of American warfare in Indo china and  the  specific dangers  
of ecostystem destruction th at  are posed by high- technology coun terinsurgency 
warfare, especially if carried  on in tropical settings.  At the same time it is 
artificial to ignore altogether our own human concerns, and an orie nta tion  towa rd 
the sub ject  based on a concept ion of human  ecology seems app rop ria te, wherein 
bonds  between man and nature  provide an essential focus for inquiry. Therefore, 
we define environmental  warfare as including all those weapons and  tac ties  
which either intend to destroy the environment per se or d isrup t norm al r ela tion
ships between man and nature  on a sustained basis. The focus is on env iron 
mental warfare  as practiced by the  United States in Indochina, ra ther  than  on 
the full gamut of weaponry detrimental to environmental values, which would 
certa inly  include biological, radiological, and nuclear weapons as well as those 
discussed here.

We will consider the legal sta tus following weapons and  tact ics used in Indo
china from this perspective :

(1) The use of herbicides.
(2) The use of Rome Plows to  achieve deforestat ion.
(3) Bombardment and artillery fire.
(4) Reported reliance on weather modification techniques.
1. The Use of Herbicides.—There is extensive inform ation available  on the use of 

herbicides in the  Indoch ina War, principally in South Vietnam.5 The  major chem
icals used as military herbicides were Agent Orange (a m ixture of 2,4-D  and 2,4, 
5-T ) used against forest  vegetat ion; Agent White (a mixture  of 2,4-D and 
Picloram) also used mainly again st forest vege tat ion ; Agent Blue (Cacodylic Acid) 
used aga inst  rice and other crops. Defense Depar tme nt figures disclose a stea dy 
escala tion in the  use of chemical herbicides from 1962 up th rough the  early  months 
of 1968, with  a slight  tape ring  off up through  the  middle of 1969 when the last  
figures were released. In this period, 4,560,600 acres of fores t land  and  505,000 
acres of crop land were sprayed , the  tota l amount ing to  5,065,600 acres, or more 
than 10% of the enti re area of South Vietnam (see evidence on Cambodia). The 
rate of appl ication has been roughly thi rteen times the dose recommended  for 
domest ic use by the  U.S. Drug  Administra tion.

President Richard Nixon repo rted ly termin ated the  use of herbicides for crop 
dest ruct ion and announced a phase-out of the defoliation efforts in 1970. Defolia
tion has no t been halte d by Nixon, bu t rat her the  task has been shifted from 
chemicals to plows, which from an ecological point of view achieve even more 
disastrous results.

The envi ronmental damage caused by defoliants can still no t be fully assessed. 
However, there is strong evidence to suggest th at  some variet ies of trees in South 
Vietnam, p articula rly nipa palms and  mangroves, have been destroyed,  n ot merely 
defoliated, by a single app lica tion ; multiple applications kill other trees. The 
AAAS-HAC study concluded th at half of the  hardwood trees  nor th and west of 
Saigon have been damaged. Westing estim ates th at  by December 1970, 35% of 
South  Vietnam’s dense forests had  been sp rayed; 25% once, 10% more tha n once. 
Madame Nguyen Thi Binh, speaking in Paris  on behalf of the Provisional Revolu
tionar y Gove rnment of South Vietnam, alleged th at  between  1961 and  1969 43% 
of arable land  and 44% of fore st l and had been sp rayed at  le ast once and in m any 
cases two, three , or more times. In this  process over 1,293,000 persons were 
“ directly con tam inated .” 6 John Lewallen concludes: “ The forests  of South

5 See esp. I. B. Neilands, G. I I. Orians,  E . W. Pfeffer, Alje Vennemma, an d A rth ur  II . Westing, “H arv est  
of Dea th: Chemical Warfare in Vietnam and Cam bodia.” New York,  Free Press,  1972; Joh n Lewallen, 
“ Ecology of Devastat ion: Indoch ina,” Baltim ore, Md., Penguin, 1971; Th omas Whiteside, “ The  Withering 
Rain : America’s Herbic idal Folly,” New York, Norton, 1971.

4 Madame Nguyen Thi Binh  made this  statement at  the Pari s Peace Conference, Feb . 19, 1970 (quoted 
in Bar ry Weissberg, ed., “ Ecocide in Indochina,” San Francisco, Calif., Canfield Press, 1970, p. 19).
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V ie tnam  h av e no t been m er ely da m ag ed  fo r d ec ad es  o r ce nt ur ie s to  c om e. N or  h av e 
th ey  s im pl y been  dep rive d of ra re  tr ee  specie s. I t  is pr ob ab le  th a t m an y ar ea s wil l 
ex pe rie nc e an  ec os ys tem su cc es sio n und er  which  fo re st  will  be  re pl ac ed  by  
sa vanna .”  7 O fte n el ep hant gr as s ov erwhe lm s a fo re st  a re a th a t ha s been  def ol ia te d 
to  su ch  an  exte nt a s to  p re ven t r ef or es ta tion  a ltog et her .

The re  is am pl e ev iden ce , th en , th a t m il it ar y he rb ic ides  ha ve  be en  ex tens iv el y 
us ed  th ro ughout Sou th  Vie tnam , espe ciall y he av ily al on g riv er s, es tu ar ie s,  on  
vil lag es  an d ba se  pe rim et er s,  and  in re la tion  to  su sp ec te d ba se  ar ea s and su pply  
tr ai ls . Defol iant s were ge ne ra lly sp ra ye d from  th e a ir  in sp ec ia lly  fi tted  C-1 23  
ca rgo plan es , of te n nea r popula te d  ar ea s and w ith th eir  di sp er sa l sign ifi ca nt ly  
sp re ad  be yo nd  in te nd ed  ar ea s by  wind fa ct or s.  As a co ns eq ue nc e,  th e  he rb ic ides  
co nta m in at ed  cro ps , ei th er  le ad in g to  th eir  des tr uct io n or,  as  th e ev iden ce  su g
gests , to  te ra to ge ni c eff ec ts on  un bo rn  ch ild ren.  The re  ha ve  be en  nu mer ou s 
au th en ti ca te d  re por ts  of hum an  an d an im al  po ison ing th ro ughout th e cours e of 
th e  war .

M il itar y rat ion ale .— The  ba si c m il it ar y  ju st if ic at io n fo r th e  m as sive  de fo lia tio n 
pr og ra m  wa s to  de ny  th e N L F  pr ote ct iv e co ve r, th ere by  gua rd in g de fen siv e po si
tio ns  ag ai nst  am bu sh  a nd  s ur pr is e a tt ack  an d e na bl in g im pr ov ed  ta rg e t iden tif ica
tion  fo r off ensive op er at io ns . T he  des tr uc tion  of crop s was ju st if ie d as  an  ef fo rt 
to  deny  foo d to  N L F fo rces  in  ar ea s un de r th e ir  co nt ro l.

Leg al rat ionale .— The  leg al ra tion al e of th e  U.S. G ov er m en t ha s be en  wel l 
st a te d  by  J.  Fr ed  B uz ha rd t, G en er al  Co unsel to  th e D ep art m ent of De fen se , in a 
le tt e r to  Sen at or  J.  Willi am  Fulb ri ght , dat ed  Ap ril 5, 1971:

|N ]e ithe r th e  H ag ue  R eg ul at io ns  no r th e ru les of cu st om ar y in te rn at io nal  
law  a pp lic ab le  to  th e co nduct  of war  pro hib it  th e use of an ti -p la n t ch em ica ls 
fo r de fo lia tio n or th e des tr uct io n  of cro ps , pr ov id ed  th a t th eir  use ag ai nst  
crop s doe s no t cause su ch  crop s as food  to  be po iso ne d by  direc t co nt ac t, 
and  su ch  use m ust  no t ca us e un ne ce ss ar y des tr uct io n of en em y pro pe rty.

The  Gen ev a Pr ot oc ol  of 1925 ad ds  no pr oh ib it io ns  re la ting  ei th er  th e  use 
o f  ch em ica l he rb ic ides  or  to  crop  des truc tion  to  thos e ab ov e.  Bea rin g in  vie w 
th a t ne ithe r th e le gi slat iv e his to ry  no r th e pra ct ic e of S ta te s dr aw  chem ical 
he rb ic ides  w ith in  it s pr oh ib it io ns , any a tt e m p t by  th e U ni te d S ta te s to  
includ e su ch  ag en ts  w ith in  th e Protoc ol  wo uld  be  th e re su lt  of it s ow n po lic y 
te rm in at io n, am ount in g to  a  se lf- denial of th e use of we ap on s. Su ch  a de 
te rm in at io n is not  co mpe lle d by  th e 1907 Hag ue  Reg ul at io ns , th e G en ev a 
Pr ot oc ol  of 1925, or  th e ru les of cu st om ar y in te rn at io nal  law .

In  ess ence , th e  U nit ed  S ta te s G ove rn m en t claims th a t no  e xi st in g ru les of in te r
nati onal l aw  p ro hi bi t th e m il it ary  u se of he rb ic ides .

Legal  app ra isal .— I t  se em s clea r th a t an  o ve rw he lm ing m ajo ri ty  o f g ove rn m en ts  
re ga rd s (1) th e  Gen ev a Pro to co l as  bi nd in g on  no n-p ar ties , and (2) as  ex te nd in g 
it s pr oh ib it io n to  co ve r m il it ar y  he rb ic ides . T he  pr ot oc ol  is bi nd in g be ca us e it  
en jo ys  th e st a tu s  of cu st om ar y in te rn ati onal law , a st a tu s  th a t th e  U nited  S ta te s 
ha s n o t se rio us ly  ch al leng ed . In de ed , th e  U.S. G ov er nm en t has  ar gu ed  it s adher
ence to  t he te rm s of th e  Pr ot oc ol , co nt en di ng  o nl y th a t it s pr ohib it io n d oes not ex 
te nd  to  m il itar y he rb ic ides  (o r ri o t co nt ro l ga ss es ). In  su bm it ti ng  th e Pr ot oc ol  to  
th e Sen at e Fo re ign R el at io ns C om m it te e fo r r at if ic at io n S ec re ta ry  of S ta te  Willi am  
Rog er s pr ov id ed  a n  a cc om pa ny in g st a te m en t which  s ai d:  “ I t  is  t he  U nit ed  S ta te s’ 
und er st an din g of th e  pr oto co l th a t it  does n o t p ro hib it  th e  us e in  w ar  of riot-co n
tr o l a gen ts  a nd c he mical  h er bi ci de s. ” 8

Su ch  an  un der st an din g of  th e  scop e of th e  Pro to co l is n o t sh ar ed  by  th e in te r
national  c om m un ity as  a  w ho le.  U N  G en er al  A sse mbly  Res ol ut io n 260 3A (X XIV ) 
su pport ed  b y a m aj ori ty  o f 80-3  (w ith  36 ab st en tions)  in dic at ed  it s ex press in te n
tion  to  disp el “any u n cert a in ty ” as  to  th e scop e of th e  Pro to co l an d co nt ai ne d th e 
fo llo wing  op er at iv e para g ra ph :

Declares  a s co n tr ary  t o  th e  g en eral ly  re co gn ized  ru les of  in te rn ati onal law as 
em bo di ed  in  th e  G en ev a Pro to co l th e  use in  in te rn ati onal ar m ed  conf lic ts of 
any  c he mical ag en ts  o f w ar fa re : ch em ical  su bst an ce s,  w het her  g aseo us , liq uid,  
or  solid , which  m ig ht be em pl oy ed  bec au se  of th e ir  to xi c ef fects  on  m an , 
an im al s,  or  p la nts .

Thi s par ag ra ph pu ts  fo rw ar d a du al  ba si s fo r di sr eg ar di ng  th e  mor e re st ri c ti ve 
und er st an din g of th e Pro to co l p u t fo rw ar d by  th e  Amer ican  go ver nm en t.  F ir s t of 
all , G.A.  Res ol ut io n 2603A  const it u te s ev iden ce  o f w ha t m os t go ve rn m en ts  re gar d 
th e  scop e of th e  p ro hib it io n t o  b e.  Se co nd ly , 2603A is i ts el f s upport ed  by  a  c on se n
su s o f suc h a  chara ct er  as  to  g ive it s law-d ec la ring  c la im s a n au th o ri ta ti v e  s ta tu s  b y  
v ir tu e  o f th e  q ua si -leg is la tive  c om pe te nc e en jo yed  b y t h e  G en er al  Assem bly.

7 Lewallen , p. SO.
8 Mr. Rogers’ test imony was on March 5,1971.
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This view of the  scope of the  Geneva Protocol derived from posit ive inter
nat ional law also accord with  the emerging moral consensus and  community ex
pec tations rela ting to environmental qua lity , l ienee,  when in dou bt as to  the scope 
of a tre aty rule it seems desirable  to seek a dete rmination th at  accords  with  un
folding community sent imen ts. On the  level of c ustomary internatio nal  law, the 
broa d principles of discrimination and proportiona lity  seem at  odds with the 
novel claim to att ack vas t areas of fores t land so as to deprive an adversa ry of 
nat ura l cover. It  is questionable  w heth er high-technology counterinsurgeney war
fare waged against a low-technology opponent can ever be reconciled in its basic 
cha rac ter with  the  framework of res tra int  provided by the  four principles of 
customary international law. In this  sense the  problems raised  by claims to use 
mil itary herbicides are b ut pa rt of a large r se t of legal concerns.

On balance, it  seems possible to conclude  th at  the  American use of mili tary  »
herbicides in Indochina viola ted the  Geneva Protocol, which is both  a tre aty  and a 
sta ndard  of prohibition  th at  enjoys the sta tus  of customary internatio nal  law.
This assessment of existing law could be confirmed by seeking an Advisory
Opinion on the  sta tus  and scope of the  Geneva Protocol from the  Inte rna tional
Court of Just ice. Such an Advisory Opinion is not  really necessary, bu t if, as J
expected, it confirmed the  in terpre tat ion  of the Protocol embodied in 2603A then
it would lay the American co nten tion  to  rest once and  for all.

When it comes to  crop dest ruction  t he  p rohibition on mil itary herbic ides stan ds 
on even stronger  legal ground. As Tom Farer points out , such tact ics are “at  best 
indiscrimina te, and they  may in fac t discr iminate aga inst  civilians because, even 
if the  food supply which survives defol iation was dis tributed evenly , in absolu te 
terms  civi lians would suffer disp roportionately in t ha t the re are more of the m and 
many civil ians, the  young, for instance , have part icularly  intense needs for certain 
foods.” 9 Government studies  have indeed  convincingly shown th at  crop de
struction as in intentional mil itary tac tic  h ad the princ ipal effect of reduc ing the  
food available to civilians; NLF food requ irements were given priori ty in areas 
under the ir control  and  were small enough in rela tion to avail able  food to be 
satisfied. A former high official in the  so-called pacifica tion program in Vietnam,
L. Craig  Johnstone, pu t the effects of crop destruction as follows: “In the course of 
inves tigat ions of the program in Saigon and  in the  provinces of Vietnam, I found 
th at  the  program was having much more profound effects on civilian noncom
batan ts than  on the  enemy. Eva luat ions sponsored by a num ber of official and 
unofficial agencies have all concluded th at  a very high percentage of all the  food 
destroyed u nder the crop dest ruct ion program had  been destined for civilian, not  
mili tary  use.

The program had its grea test effects on the  enemy-controlled civilian popula
tions of cent ral and northern  South Vietnam. In Vietnam the crop destruction 
program crea ted widespread misery and  many refugees.”10 Of course, such effects 
on the civilian popula tion are evidently a central  ingredient of counter insurgen t 
stra tegy vis-a-vis the  countryside, and  so crop destruction is fully cons istent with 
such war policies aimed at  refugee generatio n and pacifica tion as “ free-fire zones,” 
“ harassment and interdict ion” arti llery fire, forcible removal of refugees, and 
“ search and des troy ” missions. The use of chemical herbicides to des troy  crops 
destined for civilian consumption is one of the  poin ts where the allegations  of 
ecocide merge with  allegations of genocide.

2. Use of Home Plows and bulldozing equipment.— A second major form of war
fare waged directly against the  e nvi ronmen t has been to clear the land of vegeta
tion by means of system atic plowing. According to Paul  It.  Ehrlich and  John  P.
Holdre n: •»

Perhaps the  crudest tool the  Un ited States is using to dest roy the  ecology 
in Indochina is the ‘Rome plow.’ This is a  heavi ly armored D7E caterpillar 
bulldozer with a 2.5 ton blade. The  Rome plow can cut a swath through the 
heaviest forest. It  has been used to clear several hundred  yards on each side 
of all main roads in South Vietnam. In mid-1971 five land  clearing companies 
were a t work, each with some thi rty  plows, mowing down Vietnamese forests.
By th en some 800,000 acres had been cleared and the  clearing was con tinuing 
at  a rat e of abou t 2,000 acres (3 square miles) daily.11

Pfeiffer and  Westing conclude th at  by 1971 Rome plowing “ had apparen tly 
replaced the use of herbicides  to deny forest cover and sanctuary  to the  other  side.”
They  conclude the Rome plowing is more effective tha n chemicals and “ is probably 
more dest ructive  of the environmen t.” This tac tic has been used to “ scrape clean

• Tom J . Farer, “ The  Laws of War 25 Years After  Nurem berg,” International Conciliation, No. 583, May 
1971, p. 20.

w Johnstone , “ Ecocide and the  Geneva  Proto col ,” Foreign Affairs, Vol. 49, pp. 711-720, a t 719. 
u “ Ecocide in  Indochin a” (mimeo. paper ), Dec. 1971, p. 2.
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the remaining few areas of the Boi Loi Woods north wes t of Saigon.” Pfeiffer and  
Westing visited  an area of forest th at  had been plowed several years  previously 
and it was covered with  cogon grass which, accord ing to these  exper ts, makes 
“ fur the r successional stages to the  original hardwood forest  very  unlikely .” 12 It  
is clear th at  such plowing inflicts ecological damage th at  may last for a very  long 
period of time, perh aps perm anen tly.

Legal rationale.— As far as I am aware , no at tempt  has  been made to defend 
Rome plowing as a legi timate t act ic of war. A defense of this  practice, if at tem pte d, 
would undoubtedly res t on the arg um ent th at  i t is a  legitimate mili tary  objec tive  
to deny the  enemy pro tective  cover and  that , in any even t, no rules of proh ibi
tion can be discovered in either Trea ty or customary inte rna tional  law.

Legal Appra isal.— All of the  law of war was dra fted and evolved  in a pre-eco-
* logical frame  of mind. There are  no sta ndard s or  rules  th at  con templated a  mil itar y 

stra tegy th at  sough t to  dest roy the  e nvi ronmen t as such. Article 22 of the  Annex 
to the Hague  C onventio n on Land Warfare could be rele van t in  in terp reting pres
ent con tent : “the right of belligerents to adop t means of inju ring  th e enemy is no t 
unlimited.” The United Sta tes Suprem e Cou rt often interprets  Con stitutio nal

*  norms as embracing conduct  not  con tem pla ted  a t the  time  of ratif ication, bu t re
flecting an evolving sense of limits  within the  w orld comm unity .

Never theless , I th ink it is not  easy  to conclude th at  Rome plowing, however 
much it offends ecological consciousness, con stitutes a violat ion of exis ting sta nd 
ards of int ernatio nal  law.  It  po ints up the  need for the  fo rmulation of clear s tand 
ards of prohibition, in a new Protocol on Env iron men tal Warfare (Annex 2).

Finally , it  is possible to view such environ men tal dev astatio n as an instance  of  
“a crime a gain st huma nity” in the Nuremberg sense, sugges ting again the quasi
legislative potential ities crea ted in a  si tua tion of moral outrage.  The link between 
environmen tal des truc tion  of the V ietnamese forests and crimes again st h um anity  
is by way of “human ecology,” the  env iron ment being inte rre lated in organic 
fashion with  h uman existence.

Indeed ther e is some relatively hard evidence  to sup por t such an inference. 
In the  official history of the UN War Crimes Commission there is the  following 
repo rt:

During the  final months of its existence the  Committee  was asked  in a 
Polish case (Commiss ion No. 7150) to determine whether ten Germans, all 
o f whom had been heads of various Dep artm ents  in the  Forestry Adminis
tra tion in Poland during the Germ an occupation (1939-1944), could be lis ted 
as war criminals on a charge of pillaging Polish public property . It was 
alleged th at  the  accused in the ir official capac ities caused the wholesale  
cut ting  of Polish timber  to an exten t far in excess of what was necessary to 
preserve the  timber  resources of the country , with a  loss to the  Polish na tion 
of the sum of 6,525,000,000 zloty. It  was pointed ou t th at  th e Germans, who 
had been among the  first as a nat ion  to foster sc ientific forestry , had enter ed 
Poland and wilfully felled the  Polish forests  withou t the least regard to the  
basic principles of fores try. The Polish represen tative presented a copy of 
a circula r signed by Goering und er date of 25th Jan uary, 1940, in which 
were laid down principles for a policy of ruthless explo itation of Polish 

f  forestry. It  was decided by the  Committe e th at  prima facie existence  of a
war crime had been shown and  nine of the  officials charged were listed  as
accused war criminals .13

3. Bombardment and artillery fire.— Pfeiffer and  Westing have  usefully  sum 
marized the general information avai lable :

* In the seven years be tween 1965 and 1971 the  U.S. m ilitary forces exploded 
26 bi llion pounds (13 million tons) of muni tions  in Indochina , half from the  
air and half from weapons on the  ground. . . . For the  people as a whole 
it represents an average  of 142 pounds of explosive per acre of lan d and 
584 pounds per person . . . most  of the  bom bardment  was con cen trated in 
time (within the  years from 1967 on) and  in area . Of the 26 billion pound s, 
21 billion were exploded  wi thin South Vietnam,  one billion  in North  Vietnam , 
and  2.6 billion in Southern Laos.14

These awesome stati stic s will be fur the r augmented  by  the  escalat ion of bombing 
in 1972 to the  highest levels of the  war. Unlike categories I and II  practices,

w Arth ur  W. Westing and E. W. Pfeiffer, “The  Cra tering of Ind och ina ,” Scientific American, Vol. 226, 
May 1972, pp . 26-29, at 26-28.

'3 “ Histo ry of the  UN  War Crim es Commission and  the Developmen t of th e Laws of War,”  London, 
1948, p. 496.

n Westing and  Pfeiffer, p. 21.
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catego ry II I practices are not  designed, per se, to dest roy the  environ men t. The
element of intentiona lity  is probably  absent, although with the  accu mulation of
experience the  environm enta l consequence of bombing pat terns becomes pa rt
of what  is known b y the war planners.

On the basis of the  evidence available it is clear th at  severa l dist inct  pa tte rns  
of ordinance use should be separately considered for purposes of legal analy sis:

Cratcrizalion.—Pfeiffer and Westing estimate 26 million crate rs, covering an 
area of 423,000 acres, and representing a disp lacement of abo ut 3.4 billion cubic 
yards  of earth. Much of the crater ing has been caused by 500 pound bombs 
dropped from high alti tude B-52 flights and from large arti llery shells. Such a 
bomb typic ally produces a crater that  is th irt y to for ty feet wide and five to 
twe nty  feet deep (depending on topographica l condit ions),  a ltho ugh  larger c rater s 
have been reported.  The effects of cra ters are numerous: *

(1) Arable and timb er land are withdrawn from use vir tua lly  indef inite ly.15

(2) Unexploded bombs or fragments make neighboring lan d unsa tisfacto ry for 
normal  use and cause inju ry to man and animals.

(3) Crate rs that  penetra te the water table become breeding  grounds for mos
quitoes, increasing the  incidence of malar ia and dengue fever. ♦

(4) Crate rs displace soil, and especially in hilly  areas accentu ate soil runoff 
and erosion, causing laterization of the land in and  around crate rs.

(5) Bombardm ent of forest areas has harmed the  timber  indust ry by out right 
destruction; also, me tal shrads weaken trees and make  them vulnerable  to fungus 
infection.

Legal rationale.—The bombardment involves legitim ate bom bardment  of 
suspected concentrations of enemy troops or supplies. Environmen tal damage is 
an unintended side-effect th at  is not regulated in a ny way by exist ing inte rna tion al 
law. To the extent the bombing is indiscr iminate  then it is sub ject  to  independent 
attack. The demonst ration of envi ronmental damage adds little  to the  legal 
analysis of th e sta tus  of Indochina bombing pat tern s.

Legal appraisal.— It  is t rue  th at  no explicit rules of prohibition  seem available 
to assess the  legal sta tus  of crate rization. However, the scale and  magn itude  of 
bombardmen t raises special issues under Article 22 of the Annex to the Hague 
Convention on Land Warfare and in relation to Crimes Against Humanity as 
specified a t Nuremberg.

It  does seem desirable, nevertheless, to seek new legal ru les a nd principles th at  
are explicit ly concerned with the  environmental  side-effects of standard  war 
policies. Also it is necessary in this context to regard belligerent actio n beyond 
the capacity  of the  envi ronment to absorb and respond  in a sho rt period of time 
as involving the  indepen dent  crime of ecocide.

Would a Nuremberg I I tribunal  convened to  assess liabil ity of American leaders  
for crate rizat ion in Indochina  convict on this count? It  is difficult to pred ict the  
outcome on this issue because the  law is murky an d because  of an appa ren t absence 
of a direct i nte nt to dest roy the environment on  the pa rt of American civilian and  
military leaders.

“Daisy-cutters.”— Gigantic  bombs, weighing 15,000 pounds, were being dropped 
at  an  es timated  ra te of two per week since mid-1971 in South Vietnam to estab lish 
ins tan t clearings for firebase helicopter  landing areas, and, according to some -
accounts, on a reas of suspec ted troop  concentrations. These bombs kill all animals 
and people who happen  to  be within a  qua rter-mile  radius of th e blas t. The cleared 
area  is completely deforested.

Legal rationale.—Bombing and damage incidenta l to valid mil itary purpose in a 
context where no rule of proh ibition  exists. >

Legal appraisal.— The specific act ion does not seem to viola te positive norms of 
inte rnational law. Condemnation is pa rtly an expression of o utrage in rela tion  to 
overall devasta tion  of Indochina  and  pa rtly an expression of an emerging eco
logical consciousness. Again, the legal retroac tiv ity  of p rohib ition  in a  Nuremberg 
II  se ttin g would be more than offset by a sense that  such bombs are indiscriminate 
in effect and disrupt in fundamental fashion m an’s links to the environment.

Electronic battlefield; systematic bombing; “free-fire zones.”—In these sett ings 
bombing patte rns  are indiscriminate  with respect to all th at  b reathes  and  moves.
The satura tion bombing also devastates the land  and tends to  depopulate the area 
subject to att ack . Fred  Branfman has described in agonizing deta il the  tota l 
destructio n of the  idyllic and  prosperous agricultural  subsociety  of 50,000 in  the  
Plaine des Ja rres  in Laos.16

15 Same 24.
'« Fred Branfman , ed ., “Voices from the Pla in of Ja rs ,” New York,  Harper  Colophon,  1972.
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Legal rationale .— Th ere  is none. The facts  hav e bee n officially rep res sed  or  
di sto rte d by  th e U.S. Go ver nm ent.

Legal appraisal.— To th e ex tent  the se wa r policies involve at tack s on civ ilia n 
targets , such as ru ra l villages, they  are  clearly  in vio lat ion  of in te rn at iona l law.  
To the  ex ten t th a t the se pa ra te  acts of environm ental  de str uc tio n are  conside red  
th e legal status  is, a t prese nt,  more  pro ble ma tic . To the ex tent  th at an inha bi te d 
ecosys tem , suc h as th e Plain e des Jar res , is de va sta ted by  dir ec t ac tio n, th en  it  
seems to be a  crim e a ga inst hu man ity  in the s pi rit  of Nu rem berg I.

4. Weather Modifica tio ns’-—Th ere  is an  inc rea sin g indica tio n th a t th e Uni ted 
St ates  has  seeded  clouds  ov er  Laos in orde r to  inc rea se rainfa ll. Th e mili ta ry  
ra tio na le for suc h a ta ct ic  is to  mu dd y or  cause floo ding  in th e vic in ity  of the 
ne twork of roa dw ays co ns tit ut in g th e Ho Chi  Minh  tra il.  A cloud-seeding pla ne

« like  a  r eco nnaisance pla ne  th a t dro ps flares  cou ld acc omplis h its  mission  b y dr op 
pin g 35 to  100 pounds of s ilv er iod ine  o ver  a six -ho ur per iod . Th e Def ense D ep ar t
men t has shrouded th e su bj ec t i n secrecy  and  h as ref use d to  m ake a ny  st at em en ts  
of u nequivo cal  denial  or  confi rm ation . Neverth ele ss,  a  series of coll ate ral  ac coun ts,  
inc lud ing  som e reference s in th e Pe nta go n Pa pe rs an d som e lea ked inform ati on

V ap pe ar ing o n Marc h 18, 1971, in a news  colu mn b y Ja ck  Anderson  crea te a s tro ng
bas is for  bel ievi ng th a t wea ther  modif ica tion has  been use d in Indo ch ina as a 
de lib erate  wea pon  of war .

Such tacti cs,  bec aus e of th ei r re lat ive  covertness  an d wid esp rea d po tent ia l for  
de va stat in g im pa cts  on a ta rg et  area  (an d, pe rhaps, on glob al wea ther  pa tter ns  
as well) pose a dang er  of gr ea t mag nit ud e to  th e fu tu re  of wor ld ord er.  I t seem s 
ve ry  im po rtan t to  arou se  publi c con cern a t th is  tim e an d seek a clea rcut pr o
hib ition  o n we ath er  modif ica tion for  m ili ta ry  p urpo ses .18

Because of th e sec recy su rro un ding  th e ac tivi ty  an d its  no ve lty  in th e hi stor y 
of warfare, it  is vi rtua lly  imp oss ible  to  ca rry  lega l analy sis  an y fu rthe r a t th is  
sta ge . Ev en  more so th an  poison  gas an d bac ter iologica l wea pons, wea ther  mo d
ific ation  poses  dangers  of indis cr im ina te an d un controlla ble  dam age , cle arly a 
me nacin g genie  th a t nee ds to  be reca ptur ed  an d confine d for  all tim e. It  seems 
m an da to ry  in such  cir cums tan ces to  seek an  ab so lut e lega l proh ibi tio n on th e 
prac tic e of w ea the r mo dif ica tion for  m ili ta ry  pur poses .

On th e bas is of th is brie f descrip tio n of t he  legal st at us  of t he  m ain  ele me nts  of 
en vi ronm en tal  wa rfa re in In do ch ina  it  seem s clear th a t ther e are  two di st in ct  
se ts of ta sk s:

(1) To  take  ste ps  to  st reng th en  and cla rify in te rn at iona l law  with respect to 
th e pro hib ition  of wea pon s an d tac tic s th a t inf lic t environm en tal  dam age , an d 
des ign ate  as a di st in ct  crim e tho se cu mula tiv e wa r effects th a t do no t me rely  
disrup t, bu t su bs tant ia lly  a nd  irrevers ibly de st roy a di st inct  e cosyste m.

(2) To  ta ke  ste ps  to  sto p an d rec tify th e ecological  de va sta tio n of Indochi na , 
to  cen sure th e Uni ted St ates  for the se act ion s, to  impose  upon  th e Uni ted St ates  
a minim um  bu rden  of ma king  available am ple  resour ces  to  pe rm it ecological re 
ha bi lit at ion to  th e ex te nt  pos sible in th e sh or te st  tim e an d in th e mo st hu ma ne  
ma nn er,  and  to  asses s ful ly t he v arious ecologic al effects of th e w ar upon  I ndochin a.

To  acc om plish (1) we sug gest th e following ac tion, ill us tra ted by dr af t 
in st ru men ts:

f  A Pro pos ed In te rn at io na l Convention on th e Crime  of Ecocide (Annex 1).
A Dra ft Pro toc ol on En vironm en tal Wa rfa re (Annex 2).
A D ra ft Pe tit ion,  to  be signed by ind ivi duals  an d non-g overn me nta l orga 

nizatio ns,  addressed  to  th e Secreta ry  General of th e Uni ted Nati on s 
(Ann ex 3).

* To  deal  wi th th e more specific pro blems generat ed  by  th e Indo ch ina  War we
propos e th e follo wing:

A Dra ft Peoples  Pe tit ion of Redre ss on Ecocide an d En vi ronm en ta l 
Wa rfa re addressed  to  governme nts  a nd  to  th e Uni te d Na tio ns  (Annex 4).

VI
Th ere are spec ial diffi cult ies th a t pe rta in  t o ta ki ng  ap pr op riat e le gal ac tio n wi th 

respect to  env iro nm en tal  de va sta tio n in Indo ch ina . Fir st  of all, th e Uni ted St ates  
as a preemi nent st at e in th e world  sy stem is able  to  b lock s erio us inqu iry  into th is

v T his  section relies upon Deb orah Shapley, “ Rainmaking:  Rum ored Use Over Laos Alarm s Arm s 
Exp erts , Scient ists,”  Science, Vol. 176, 16 June 1972, pp. 1216-1220.

19 Senator  Claiborne P ell “strongly believes”  t ha t clouds in  North  Vie tnam have  been seeded since 1966, 
and  have caused thousand s of death s by  provoking devasta ting  floods. See New York Times, June  27, 
1972, p. 12. Apprehension is inc reased b y the  connection betw een rainmaking and  confirmed repo rts th at  
dikes have been bombed.
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su bj ec t-m at te r. I believe thi s ob str uc tiv e ca pa bi lity accoun ted  for  the fai lure to
inscribe the  issue of e nv iro nm ental  wa rfa re on th e agen da  of the UN Con ference
on th e Hu ma n En vir onme nt.  Secon dly , an d rel ate dly,  th e Uni ted Na tio ns  is no t
able to  pursu e effective in iti ati ve s with ou t th e assen tin g pa rti cipa tio n of its most
pow erfu l Me mbers , especia lly th e U ni te d St ates ; th e silen ce of th e Org ani zat ion
through a dec ade  of wa rfare in In do ch ina is a  sh ock ing  revela tio n of th e ex tent  to
which th e Cha rter  is a dea d le tter  w henever i ts vio lat ion  is pr im arily  a tt ribu ta bl e
to  one of th e two superpowers.  Th ird ly , th e Uni ted  St ates  has  no t lost th e In do 
chi na War in th e way  in which German y los t World War II , an d as suc h, its
lea ders an d polic ies are  un lik ely  to  be subjec ted to  cri tic al rev iew  by  ei ther  an
inde pe nd en t commiss ion of in qu iry or  by  an  in te rg ov ernm en ta l tr ib un al  of
judg men t.

Giv en the se rea litie s, it  is nec essar y to develop  an  ac tio n plan th a t has some *
prospect for success. Thi s pla n will ha ve  to  dis coun t th e possibili ties  of rely ing  
upo n governme nts  o r inter -gov ernm en t organizat ions, al tho ug h governme nts  t hat 
are will ing t o fo rm ulate  a c rit ica l response, as did  P rem ier  Olaf  P alm e a t th e S toc k
holm Conference in Jun e, 1972, hel p grea tly  to  expos e th e fai lur e of public  ins ti
tu tio ns  to  pr otec t public values . Sim ilar ly, pe tit ion s seeking red res s of grievances *
dir ec ted  a t tho se insti tu tio ns  en trus te d wi th form al res ponsibi lity  hel p to  expose 
in st itu tio na l resp onses th a t susta in  or acq uiesce in the prac tic e of environm ental  
wa rfa re an d ecocide. Such effo rts to  presen t pe tit ion s empha size th e nee d to  
st im ulate a wor ld pop ulist mo veme nt,  bo th na tio na lly  an d int erna tio na lly , as a 
wa y of ero din g the power of go vernme nts  over lives an d ecological des tinies.

Th e mos t im po rtan t are nas  of ac tio n ma y be non-go vernme ntal in charac ter .
At som e po int  it  ma y even be desirab le to organiz e a peoples’ com mission  of in
qu iry  an d red ress th at seeks  to  focus th e fac ts of en vi ronm en tal  de va sta tio n and 
ecoc ide on Ind ochin a, an d to  fo rm ulate ap pr op ria te  dema nds for censure and 
relief.

On a more fund am en tal  level, th e issu es of en vironm en tal  w arfare  a re  pecu lia rly  
re sis tant  to  in ter -gov ernm en tal  col lab oration  because of th ei r ap pa re nt  link with 
cou nte rin surgency  warfare. It  is th e co un ter ins urgent th a t tend s to  pursu e th e 
tac tic s an d rely upo n the  wea pons th a t do the mo st d am age t o th e environm ent.
T ha t is, governme nts  hav e a pa rt ic ul ar  in ter es t in being able to  u se thei r tec hn o
logica l ad va ntag es  to  n eutra liz e wha teve r adva ntag es  of disper sal  an d man euve r
ab ili ty  are en joyed by  an ins urgent . In  Indo ch ina  t hi s techno log ica l an d tacti ca l 
gap  has led  a lm os t all of t he  se riou s environm en tal  dama ge to  have  bee n infl icted  
by th e fo rces  al igned wi th t he  inc um be nt  go ver nm ent. I t can  be a rgu ed, in addi tio n,  
th at w ith ou t mili tar y herb icid es, Rom e p lowing, an d massive airpow er, ba ttle fie ld 
outcomes would  hav e been  deci sive ly in favo r of th e ins urgent forces. The refo re, 
it  wou ld seem to  be the case th a t envir onme nta l de va sta tio n is a vi rtu al ly  in
ev ita ble by pr od uc t of a su sta ined  camp aig n of cou nte rin surgency , esp ecially  if 
car ried ou t in  th e tro pic s ag ains t in su rgen t forces  en joy ing  a s tro ng  base of popula r 
su pp or t; in suc h circ um stance s no t on ly mus t th e sea  be drain ed  to  imp eril  the 
fish, but its  li fe-su pportin g ecology m us t be destroyed  as well. Giv en th e pro spe ct 
of fu tu re  insu rgen t challenges, it  is un lik ely  th a t governme nts  will be agre eable, 
at  lea st no t with ou t a majo r po pu lis t cam pai gn bef ore hand , to  foreclo se by assen t 
to  legal proh ibi tio ns  thei r mili tar y op tio ns  for  c ou nter ins urgent resp onse. >

Th is cons ide rat ion  sugges ts wider  gro unds for ske pti cis m as to  lega l response s.
Even in th e Th ird  Wor ld a larg e techno log ica l gap  exi sts bet ween th e weapo nry
an d tact ic s of th e gover nm ent an d th a t of its  in te rn al  cha llen gers. Th roug ho ut
th e world  mos t gover nm ents are confronte d by  insu rgen t cha llen ges  an d seek  to
use all effective means  to de feat them . Th e com mon  governme nta l consensus is *
ab et te d by  arms sales  an d tra ns fe rs  which ma ke all governme nts  inc reasingly
depe nd en t on high-tech nolog y m ili ta ry  es tab lishm ents.  From  th is  dependence,
the will ingn ess an d capabi lity to  wage environm en tal  wa rfa re is almos t certa in
to  follow.

I t nee ds to  be un de rs too d th a t in te rn at io na l law, by  an d larg e, continues to 
ref lect  the  percei ved se lf- int ere st of governme nts . Bo th  in  ter ms of fo rm ati on  an d 
im plem en tat ion in te rn at iona l law  presup poses  rec iprocal in te rests  in pa tter ns  of 
vo lunt ar y com plia nce . As su ch,  in te rn at io na l law  is a consensual syste m.  If the se 
in ter es ts do no t exist  o r are  no t per cei ved to  exist, then  it  is dif ficu lt to  gen era te 
new la w o r e nfo rce  old law  in  int er na tio na l affa irs. This genera l comme nt is p ecu 
lia rly  tr ue  fo r the  law  of war  which  ra ise s v ita l q uestions of governme nta l surv iva l.
Unlike  in te rs ta te  w arfa re, th e insu rgen t a ct or  is un represen ted  in th e int erna tio na l 
lega l ord er,  an d th e law is likely  to  be sha ped to  serve th e per ceived  mi litary  
in te rests  of governme nts  (i.e. ac tu al  an d po tent ia l coun ter ins urgents ).

Such conclus ions  reinfo rce  ou r vi ew th a t t he  st at e syste m is in he rent ly  incapa ble
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of o rganiz ing the  defense of the  planet  aga ins t ecological des truc tion .19 As such, 
the  prospects for ecological protect ion are intima tely linked with  the  prospects 
of init iati ng a world po pulis t movement that  incorporates the  ecological imperative 
at  the  same time  t hat  it works to secure equity for all men on earth .

Annex  1
A Proposed I nternational  Convention on the  Crime of Ecocide

The Contracting Par ties :
Acting on the  belief th at  ecocide is a crime under inte rnational law, con

trary to the  spi rit and aims of the United  Nations, and  condemned  by peoples 
and  governments of good will th rou ghout the  world;

Recogniz ing that  we are liv ing in a period of increasing dang er of ecological 
collapse ;

Acknowledging th a t man has consciously and  unconsciously inflicted 
irrep arab le damage to the  en viro nment in times of war  and peace ;

Being convinced th at  the  pur sui t of ecological qua lity  requires int ern a
tional guidelines and procedures for cooperation and  enforcement,

Here by agree:
ARTICLE I

The Contracting Par ties confirm th at  ecocide, whethe r commit ted in time  of 
peace or in time of wrar, is a  c rime und er intern ational law which the y und ertake  
to preven t a nd to punish.

ARTICLE II

In  the  present Convention , ecocide means any  of th e following acts comm itted 
with  in tent  to  dis rup t o r destroy , in whole or in pa rt,  a  hum an ecosystem:

(а) The use of weapons of mass dest ruction, whe ther  nuclear, bacteriological, 
chemical, or other.

(б) The use of chemical herbicides to defoliate and  deforest natura l fores ts for 
mil tary  purposes.

(c) The use of bombs  and  artil lery  in such quant ity , densi ty, or size as  to im
pair  the quality  of the  soil or to enhance the  prospect of diseases dangerous to 
hum an beings, animals , or crops.

(d) The use of bulldozing equipment to dest roy large  tra cts of fo rest or crop
land  for m ilita ry purposes.

(e) The use of techniques designed to increase or decrease  rainfal l or otherwise 
modify weather as a  weapon of war.

(/) The forcible removal of human beings or animals f rom thei r habitual places of 
hab ita tion to expedite the  pur sui t of m ilit ary  or indu stria l objectives.

f

ARTICLE II I

The following ac ts shall be punishable :
(a) Ecocide.
(£>) Conspiracy to  comm it ecocide.
(c) Direct and publ ic inci teme nt to ecocide.
(d) Att empt to commit ecocide.
(e) Complicity in ecocide.

ARTICLE iv

Persons committing ecocide as defined in Article II  o r a ny of the acts  described 
in Article II I shall be punished, at  leas t to the exten t of being removed for a 
period  of years  from any  position of leadership  of public  tru st.  Constitu tionally  
responsib le rulers, public  officials, mil itar y comm anders, or privat e indiv idua ls 
may all be charged with  and  convic ted of the  crimes associated  with  ecocide as 
set  for th in Article II I.

article  v 1

The United Nat ions shall establ ish a Commission for the  Investigat ion of 
Ecocide as soon as this  Convent ion comes into force. This  Commission shall be 
composed of fifteen ex pert s on inte rna tional  law and  ass isted  by  a staff  conve rsant 
with ecology. The principa l task s of the  Commission shall  be to inve stigate al-

18 This posit ion is developed in my  book “T his Endangered Planet : Pros pects and Proposals for H um an 
Survival ,” New York, Ran dom  House, 1971.

• Ar ticle V may be  the most controversial provision in th is proposal,  and could be either deleted altogether 
or appended  as an o ptional protocol, to enhance the  prospects for ratification of the  basic Convent ion.
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legations of ecocide whenever made  by governments of States, by the  principal
officer of any inte rnational ins tituti on  whether  or no t pa rt of the United Nations
Organization, by resolution of the General Assembly or Security Council, or
by peti tion signed by at  least 1000 privat e persons. The Commission shall have
power of subpoena and to tak e depositions; all hearings of t he Commission shall
by open and  transcripts of proceedings shall be a matt er  of public record. If the
Commission concludes by major ity  vote,  after investiga ting the allegations th at
none of th e acts  described in Article II I has been commit ted the n it shall issue a
dismissal of the complaint accompan ied by a sho rt sta tem en t of reasons. If the
Commission concludes, by majori ty vote, after investiga ting the allegations th at
acts  within the  scope of Article II I have  been or are being commit ted then it
shall issue a cease and desist order,  a sta tem ent recommending prosecution or
sanction  of specific individua ls or groups, and  a sta tem ent of reasons supp orting a
its decisions. T he Commission shall also recommend w’hether prosecution  proceeds
under national, regional, internatio nal  or ad hoc auspices. Regardless of decision
mino rity members of the Commission may attach dissenting or concurring opinions
to the ma jori ty decision. In  the ev ent  of a tie vote in the Commission, the C hairman
shall cas t a second vote. The Commisssion shall have rule-m aking  capacity to <
regulate fully its operat ions to assure full realization of the  objectives  of this
Convention but  with due regard for the human rights of ind ividuals as embodied
in the United Nations Declaratio n of Hum an Rights.

A R T IC L E  v i

The Con tract ing Partie s und erta ke to enact, in accordance with  their respec
tive Cons titutions, the necessary legislation to give effect to the  provisions of 
the present Convention and, in part icular, to provide  effective penaltie s for 
persons guilty of ecocide or any  of the other acts enumerated  in Article II I.

A R T IC L E  V II

Persons charged with ecocide or any  of the other acts enumerated  in Article 
II I shall be tried  by a competent tribuna l of the  Sta te in the  ter ritory  of 
which the  act was committed, or by such inte rnat iona l penal tribunal  as may 
have jurisdiction with respect  to those Con tract ing Partie s which shall have 
accepted its jurisdiction.

A R TIC LE V II I

Ecocide and the othe r acts enumerated  in Article II I shall not  be considered 
as political crimes for the purpose of extrad ition .

The Con trac ting  Partie s pledge themselves in such cases to grant extrad ition 
in accordance with their laws and trea ties  in force.

A R TIC LE IX

Any Contrac ting  Pa rty  may call upon the competent organs of the  United 
Nations to tak e such action under the Cha rter  of the  United  Nations as they 
consider appropriate for the prevention  and suppression of acts  of ecocide or 
any of the  other acts enumerated  in Article II I.  *

A R TIC LE x

Disputes between the Con trac ting  Parti es relating to the interpreta tion , appli - 
cation  or fulfillment of the present Convention , including those relatin g to the  
responsibility  of a State for ecocide or any  of the  othe r acts enu merated in 
Article II I,  shall be subm itted to the Internatio nal  Cour t of Jus tice  at  the 
reques t of any  of the parties to the  dispu te.

A R TIC LE X I

The present Convent ion, of which the Chinese, English, French, Russ ian and 
Spanish texts are equally  authentic , shall bear the date of. . . .

A R TIC LE X II

The prese nt Convention shall be open unt il . . . for  signature on behal f of any 
Member of the United  Nations  and  of any  non-member  Sta te to which an 
inv itat ion  to sign has been addressed by the General Assembly.

The present Convention shall be ratified , and the  inst rum ents  of ratif ication 
shall be deposited with the Secretary-General of the  United Nations.
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After . . . the present Convention may be  acceded to on behalf of any  Member 
of the United Nations and of any  non-member  Sta te which has received an 
invitat ion as aforesaid.

Instrum ents  of accession shal l be deposited with  the  Secreta ry-G eneral of the 
United Nations .

A R TIC LE X I I I

Any Contract ing Pa rty  may at  any time, by  notif ication addressed to the  
Secretary-General of the  United Nations , extend the  applica tion  of the  present 
Convention to all or any  of the  territor ies for the conduc t of whose foreign 
relations th at  Contract ing Pa rty  is responsible.

A R TIC LE X IV
«

On the  day  when the first twenty instrum ents  of r atifi catio n or accession have 
been deposited, the Secre tary-Gene ral shall draw up a proces-verbal and  transm it 
a copy of it to each Member of the United N ation s a nd to each of the  non-member 
States conte mpla ted in Article XII.

*  The present Convention shall  come into force on the  ninetie th day following 
the date of deposit of the twe ntieth  inst rum ent  of ratificatio n or accession.

Any ra tifica tion or accession effected subsequent to the la tte r date shall become 
effective on the nine tieth day following the deposit of th e in strum ent  of ratifi cation 
or accession.

a r tic le xv
The present Convention  shall remain in effect for a period of ten years as from 

the date of it s coming into  force.
It  shall thereafter  remain in force for successive periods of five years for such 

Contracting Part ies as have not  denounced it at  least  six mon ths before the  
expiration of th e cur ren t period.

Denunciation  shall be effected by a writ ten notif icatio n addressed to the Sec
reta ry-G eneral of th e Uni ted Natio ns.

A R TIC LE X V I

If, as a resul t of denuncia tions  the number of P artie s to the present Convention  
should  become less tha n sixteen, the Convention shall cease to  be in force as from 
the date on which the las t of these  denunciations shall become effective.

A R TIC LE X V II

A request for the  revision of the present Convention  m ay be made at  a ny time 
by any  Con trac ting  Pa rty  by means  of a notif ication in writ ing addressed to the 
Sec re tar v-  General.

The General Assembly shall decide upon the steps, if any, to be taken in respect 
of such reque st.

A R TIC LE X V II I

( The Secretary-General of the  United Nations shall notify all Members of the
Uni ted Nations and the non-member States contemplated in Article XII of the 
following:

(a) Signatures, ratif ications and accessions received in accordance with Article 
XII .

* (6) Notifica tions received in accordance with  Article XII I.
(c) The date upon which the present C onvention comes into force in accordance 

with Article XIV.
(d) Denunciations received in accordance with Article XV.
(e) The abrogation of the Convention in accordance with  Article XVI.
( / )  Notifications received in accordance with  Article XVII.

A R TIC LE X IX

The original of the  p resent Convention shall be deposited in the  archives of the 
United  Nations.

A cert ified copy of the  Convention  shall be tra nsmitted  to all Members of the  
United  Nat ions  and  to the  non-mem ber Sta tes  con tem pla ted  in Article XII .
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A R T IC L E  X X

Th e presen t Co nvention sha ll be regis ter ed  by  th e Se creta ry-G en eral of the  
Uni te d Na tio ns  on th e da te  of its  coming i nto  forc e.

B
Re solut ion  re la tin g to the st ud y by  th e In te rn at io na l Law  Com mission  of the  

questio n of an  in te rnat iona l criminal  ju ris dict ion.
Th e General  Assembly:

Consider ing  th a t the discussion of th e Co nven tio n on the Prev en tio n and 
Pu nishmen t of th e Crim e of Ecocide has r aised the  question  of t he  des ira bil ity  
an d possi bil ity  of hav ing  persons charged with  ecoc ide tri ed  by  a co mpe ten t 
in te rn at io na l tri bu na l; *

Consider ing  th at , in th e cou rse  of deve lop me nt of th e in te rn at io na l com
mun ity , th er e will be an  increa sin g n eed of a n in te rn at io na l j ud ici al organ for 
th e tr ia l of ce rta in crim es un de r in te rn at io na l law ;

Invi tes th e In te rn at io na l Law  Com mission  to  st ud y th e desir ab ili ty  and 
possibil ity  of es tab lishin g an  in te rn at io na l jud icial organ for  th e tr ia l of <
person s charged wi th ecoc ide or  ot he r crim es ov er  which  ju ris dic tio n will be
con ferred  up on  th a t org an  by  in te rn at io na l conven tio ns ;

Re qu es ts th e In te rn at io na l Law Com mission  in ca rry ing out  th is  ta sk  to  
pay at te nt io n to  th e pos sib ility of es tab lishin g a Cr im ina l Ch am be r of th e 
In te rn at io na l Co ur t of Justi ce .

A n n e x  2
D r a ft  P roto col on  E n v ir o n m e n t a l  W a r fa r e

Consider ing  t h a t environm en tal  w arf are has  been con demn ed b y publi c opinion 
th ro ug ho ut  th e wor ld an d th a t th e de lib erate  de st ruct ion of th e envi ronm en t 
di srup ts th e ecological basis  of life on ea rth;

Mindf ul of th e ex tent  to  which th e fu tu re  of man kind  is lin ked with  th e rapid  
deve lop me nt of protec tiv e at ti tu de s toward envi ronm en tal  qu al ity ;

Conscious of th e ex tent  to  which exist ing  a nd  prospecti ve  wea pon s an d tact ics 
of wa rfare, pa rti cu la rly  cou nteri nsurgency warfa re or  re liance  on n uc lea r weapons, 
di srup t ecolo gica l pa tter ns  fo r long per iod s of tim e an d destr oy  beneficia l r elat ion
ship bet ween ma n an d na tu re ;

Recal ling such  pr ior express ions of col lec tive  concern wi th th e gen era l effec ts 
of wa r as exp res sed  in General Assem bly  Re sol utions 1653 (XV I) an d 2603A 
(X XIV );

We, as repr esen ta tiv es  of governme nts  a nd  a s citizen s of t he  world  c om mu nit y, 
do hereby  co mmi t our selv es as a m at te r of cons cience an d of law  t o re fra in  from 
th e use  of tact ic s an d weapons of wa r th a t infl ict irr ep arab le  ha rm  to  t he  e nv iro n
men t or di sr up t fu nd am en tal ecolo gical  rel ati on sh ips;

Th is Proto co l proh ib its  in pa rt icul ar :
1. All effo rts  to  d efo lia te or de st ro y forest s or crops by  means  of chemicals 

or bu lldozing ;
2. Any pa tter n of bo mba rdmen t th a t res ult s in ext ens ive  crater izat ion of %

the land  or  in deep cra ter s th a t generat e he al th  haz ar ds ;
3. Any  reli anc e on wea pons of mass de str uc tio n of life or an y wea pon s or 

tact ics th a t are like ly to  kill or  in jure  larg e numb ers  of animals.
We, as und ers ign ed, will seek  to  ga in as ma ny  ind ivi du al an d in st itu tio na l 

acce ssions to  th is Pro tocol as possible;
Th e Pro toc ol sha ll come i nto  e ffec t af te r the firs t five sig na tur es an d is bindin g 

th erea fte r on a ll gov ern me nts  of th e world because it is a decla rat ion  of rest ra in ts  
on  warfare th a t alr eady  are  embodie d in th e rule s an d principles  of in te rn at io na l 
law ;

Vio lation of th is Pro toc ol sha ll be deemed an  in te rn at iona l crim e of gra ve 
mag nit ud e th a t can be cha rged an d con sidered , by  fa ir tr ia l proceedings, where ver 
an  alleged cu lp rit  can  be appreh en de d;  in cases of extre me  nec ess ity tri als  in 
ab se nt ia  a re au tho rized.

Don e in Stockh olm , Sweden, June , 1972.
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A n n e x  3

D r a ft  P e t it io n  on  E c o cid e  an d  E n v ir o n m e n t a l  W a r fa r e

The undersigned :
Mindful of their concern  w ith the  ecological qua lity  of this  p lane t and  with 

the  purposes and  principles of the Charte r of th e United Nat ions ;
Gravelij concerned by the  evidence of ecological dev asta tion  in Indo chin a 

and by the  spread of coun terinsurgency weaponry and  doct rine to govern
men ts throug hou t the  world;

Fearful of the  fur the r willingness of governments  to conduct  the ir ope ra
tions  without due deference for the condit ions of ecological welfare, especially 
during periods of armed conflict.

• 1. Declare t ha t—
(a) The commission of acts  of ecocide is an intern ationa l crime in violat ion of 

the spir it, let ter  and aims of the United  N ations and,  as such, is a direc t viola tion 
of the  Charte r of the  United  Nat ions and  viola tes the  sense of minim um moral 
obligation  prevailing in the  world community.

>  (b) The protection  of ma n’s rela tion  to na tur al ecosystems is a legal, moral
obliga tion deserving of the  highest respect  and directly rela ted  to the  prospects 
for hum an survival and social development.

(c) Any government, organiza tion, group or ind ividual th at  commits, plans, sup 
ports , or advocates ecocide shal l be considered as com mitt ing an internatio nal  
crime of grave magnitude and  as actin g con trary to the  laws of hum ani ty and  in  
viola tion of the ecological imperat ive.

2. Request the Secreta ry-G eneral of the  United  Nations to tak e the  following 
steps—

(a) Convene  an emergency session of th e Security Council to order the United  
States to cease and desist f rom all w ar policies responsible for  the ecological devas
tat ion of Indochina.

(b) Compile a report on the  ecological damage done to Indo chin a and  urge the  
esta blishment of a commission of inquiry  composed of experts th at  would s ubm it 
periodic r eports to the  General Assembly of ecological effects of the  war on Ind o
china  and  courses of action , together with funding, available to secure maximum 
rehabi lita tion  of ecological qua lity .

(c) Request the Int ern ationa l Law Commission to  prepare an Intern ationa l Con
vention on  Ecocide, a Protocol on Env ironmental Warfare, and a Code on indivi
dual and  collective responsib ility relative to the  crime of ecocide.

(cZ) Convene a conference of governments  during 1974 to  t ake  appropr iate  legal 
steps  to outlaw ecocide and  to  provide the  legal framew ork needed to prohibi t en
vironme ntal  warfare, including principles and  procedures to assess responsibili ty 
and to enjoin activ ity des truc tive  of en vironmental  values.

A n n e x  4

P e o p l e s  P e t it io n  o f  R e d r e s s  on  E c o cid e  and  E n v ir o n m e n t a l  W a r fa r e

The  Undersigned:
f  Recognizing th at  modern weapons of mass des truc tion  are capable of causing

widespread and  enduring deva stat ion  of the  human env iron men t;
Concerned by the  evidence of long-term,  extensive ecological damage caused in 

Indochina by  a variety of weapons including bombs, napalm, herbicides, plows, and
<  poisonous gases used princ ipally and  massively by the  United States in the course

of waging the  Indochina War;
And f urther  concerned b y repo rts of the supply an d sale of these  means of wag

ing w ar by the United States to other governments includ ing the Saigon a dminis 
tra tio n of Sou th Vietnam an d the  governm ent of Por tugal;

Do hereby  petition all governments  to renounce  weapons and tacti cs of war de
signed to inflict damage to the environment as such ;

And call especially on the  Gov ernm ent of th e United  States of America to im
med iately stop  the  des truc tion  of the  hum an environ men t in Indochina and to  
stop  the sale and  tran sfer of weaponry designed primarily  to carry on envir on
men tal warfa re;

And call upon the  Un ited Nat ions to tak e step s imm edia tely to condemn re
liance  by th e United  State s on environm enta l w arfare in  Indochina, to investigate 
and rep ort  th e full e xte nt of ecological damage resu lting from  the Indo chin a War; 
to consider and  recommend step s th at  could be tak en t o restore the  en viro nment  
in Indochin a as rapidly as possib le; an d to  assess r esponsib ility  for  ecological dam-
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age and  to call for app ropriate reparat ions from the  government (s) responsible after the  term ination  of host ilitie s;
We fur the r appeal to the  Uni ted Nat ions  to convene  promptly a world conference to draw  up an inte rna tional  convention  proh ibit ing recourse  to weapons and  mil itary  tact ics designed prim arily  to dest roy or modify the  human envi ronment and  to prepare a dra ft conventio n on Ecocide to paral lel the  Genocide Convention .

Statement of R epresentative Bella S. Abzug for the Subcommittee onOceans and I nternational E nvironment of the Senate Committee onForeign Affairs.
Mr. Cha irman, Members of the  Subcommittee,  I am pleased to have the  opportu nit y to present my views on the  issue of weathe r modification for mil itary  purposes. Let me begin with  two quo tations :

Today, black is the dom inan t color of the  n orthern and  easte rn reaches of the  Plain  [of Jars], Napalm is dropped regularly  to burn  off the  grass and  undergrowth that  covers the  Plain and fills its many narrow ravines. The fires seem to burn  c onstant ly, crea ting rectangles of black.
Th at  is from “Plain Facts ”, an artic le by T. D. Allman which appeare d in the Far Eas tern  Economic Review of Ja nu ary 18, 1972.
There  is ev idence th at  herbicides can cause genetic  damage:

Within  the last  two years , the re have been numerous reports  of increasing birth  abnormal ities  throughout South Vietnam, and photographs of grotesquely  deformed babies  have begun to app ear  in Vietnamese newspapers. According to “The Indochina Story,” w ritte n by the Com mittee of Concerned Asian Scholars, a nd published by Bantam in 1970.
In add ition to the horrors  of napalm and  herbicide , we are using  geophysical warfare  in Vietnam. An artic le by Seymour Ile rsh  in The Wash ington  Evening Sta r of Jul y 3, 1972, quoted a former CIA agent as saying: “ We fi rst used th at  stuff  (silver iodide to seed the  rain  clouds) in abo ut August of 1963, when the Diem regime was having a ll th at  trouble with the  Buddhists .” The former agent continued,  “They  would jus t s tan d around  during  dem onst rations when the  police threw  tea r gas at  them , bu t we noticed th at  when the  rains  came the y wouldn’t sta y on.”
As documented in the New York Times by Seymour Ilersh , the  middle  1960’s saw an expans ion of the  cloud seeding  activit ies to the  Ho Chi Minh Supply Trai - in Laos. By 1967, the Air Force had become involved in the cloud seeding operal tions. Vet the  resul ts weren’t always as expected. One government official has said, as quoted in the  July  3 Ile rsh  s tory, “Once we d umped seven inches of ra in in two hours  on one of our  Special Forces Cam ps.” Professor  Jerzy Neyman, direc tor of the  Univers ity of Cali fornia’s Statistical Laboratory, who has headed a Navy research project analyzing wea ther  control exper iments since 1965, “is convinced . . . th at  cloud seeding does indeed  yield significant resu lts, bu t tha t the  resu lts have often  proved far different from what was intended . . . ” I consider that , indeed, the  c loud seeding in Vietnam could have  increased the  rainfal l cons iderably,” (Neyman has said) . . .  “A sub stantial decrease  could also have occurred .”
Neyman also found tha t in Arizona, “during seven years of experimental efforts to relieve drought by cloud seeding, the  exper iments yielded a signif icant loss of rainfa ll over the  San ta Catalina Mountain target  area , and  caused an average 40 percent loss of rainfall  over an area 65 miles away.”
Despite the unp red icta bili ty of cloud seeding, it still appears  to  be tak ing  place in Indochina. On March 18, 1971, Jack Anderson repo rted  th at  “I nte rmediary- Comp atr iot” a “hush-hush ” pro ject  which “increased the  prec ipitation over  the jungle roadways during the  wet seasons . . . would be going on from May  to September 1971.”
To go into  somewhat more deta il, Dr. Matthew Meselson, Professor  of Biology at  Harva rd University, has s ta ted th at :

It  is obvious th at  wea ther  modification used as a weapon  of war  has the  potent ial of causing  large scale and  qui te possibly uncontrolab le and unp redictable  dest ruct ion.  Fur thermore, such dest ruction  migh t well have  a far greater impac t on civilians tha n on combatants. This would be especially true in areas where subsistence agr icul ture  is prac ticed  in food-defic it areas, and  in areas s ubject to flooding.
The amount of damage we can do thro ugh w eather modifica tion is tremendous. Tests in Flor ida in 1968 and  1970 showed  th at  seeded clouds grew explosive ly an d
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produced more th an  three times  as much rain as unseeded clouds. Other t ests have 
shown the  increase in rain p roduct ion  in seeded c louds could range from 30 %-50% 
to as much as 10 or 20 times t hat  amoun t. H owever, even a  50% increase can have 
trem endous impa ct.

In the ir book, “ Ecological Effects of Wea ther  Modif ication: A Problem  Analy
sis,” C. F. Cooper and W. C. Jolly  refute  many of the  old theories on wea ther  
modification. The false argument  th at  weather control has litt le or no biological 
effect because the  amount of change  is rejec ted. Instead, the  authors sta te  th at  
the wea ther  modification combines  with other ecological stresses such as air 
pollution, herbicides, and pesticides to cause a gre ate r effect than  the  sum of the 
indiv idual  effects. By using bulldozers, herbicides, and bombings, we clear hun 
dreds  of kilometers of na tur al vegetation , thus dest roying the  water-holding  
capacity of the land.  Adding the increased rainfa ll caused by w eath er modification,

•  the  land is plagued with extensive flooding, loss of life, and  soil erosion. This
destroys balance  as  well as the  possibi lity of furt her vege tation.

Two other repor ts on the  ecological damage done by wea ther  modification, 
“ Hydrolog ic Consequences of Rainfal l Augmen tation” by Alan M. Lumb which 
appeared in “ American Society  of Civil Engineers Hydraulic s Divisions Jou rna l” 
of Ju ly 1971 and “ Possible Effects of P recipita tion  Modifica tion of S tream Cha n
nels Geom etry and Sediment Yield ” by Albert  Rango, published in “ Wate r 
Resources Research” in December 1970, agree th at  increased rainfa ll causes 
much l and  erosion and changing sedimentary pat tern s.

Weather modification alte rs the  s tructu re of p lant and  an imal  communities due 
to changes in three  different biological rates in weather-sensitive species: reproduc
tion, growth, and mor tality . These  changes may take several  years to become 
evident, bu t the ir dest ruct ive capacity is considerable.

The most widely used cloud seeding chemical is silver iodide, Agl. The silver  
ion released from the breakdown of this chemical is one of the  most  toxic heavy 
metal  ions, especially with  regard to microorganisms and  fish, bu t the  ion some
times forms insoluble compounds harmless to animals. The silver from cloud 
seeding will ret ard  the growth of algae, fungi, bacteria,  and  fish in fresh water. 
This in tur n interferes with  food and  nutrie nt cycles and the  return  of nutrie nts  
to the  water. Other  biological effects include changes in temperatur es, oxygen 
concentra tion,  presence or absence  of othe r cations, and pH (acidity), So far  as 
we now know, the iodine ion in silver  iodide poses no e nvironm enta l danger.

According to the  July 3rd Washington Star article, the use in Indochina of a 
chemical agent , different from silver  iodide, and  only effective in warm str atus  
clouds, has been causing an acidic rainfall which affects trucks, tank s, and rad ar,  
especially Surface- to-Air Missile (SAM) radar. This acid ity also  affects the pH and 
thus  the  ecological balance  of the ecosystems on which it is dropped.

There has been some dispute as to the sui tab ility for seeding of the  types of 
cloud patte rns  over North Vietnam. Some have said th at  the clouds over the 
nor thern pa rt of Vietnam are str atus  and therefore cannot  be seeded successfu lly 
with silver iodide. However, Mr. Donald  Moore, Assis tant Adm inist rator of the  
Nat iona l Oceanic and Atmospheric Administra tion,  has sta ted  th at  he has seen 
no significant difference in cloud patte rns  over  various areas of Vietnam. He has  
said th at  significant cloud pa tte rn  changes come with  climact ic, rat he r tha n with

(  minor geographic changes. During  the monsoon season, cumulus clouds, which
definitely can be seeded successfully, preva il over all of Vietnam. Also, Mr. 
Schloemer, the Assis tant Dire ctor  of the  Env iron men tal Da ta Service of N. O. 
A. A., has confirmed Mr. Moore ’s sta tem ent  and  has added th at  in the upslope 

w and mountain areas (which would include the  Ho Chi Minh  trail ) there may be
a 10% or 15% increase in rain, which means an ext ra heavy rainfa ll.

Furtherm ore,  even if they are no t suitable for silver iodide seeding, str atu s 
clouds can be seeded by means of the  acidic chemical which I mentioned earlier.

On March 17, 1972, Sena tor Pell submit ted Sena te Resolution  281, expressing 
the  sense of the Senate th at  the United States  should  seek nego tiatio n of a tre aty 
to prohib it the  use of environm enta l or geophysical modification. I app laud  and 
suppor t th is action, but  I do not  t hin k we can w ait to negotia te a  tr ea ty.  We must 
end the  indiscriminate killing and  ecological destruct ion  in Indo chin a now, and 
I will soon be introducing legislat ion which would end the  United  Sta tes ’ use of 
geophysical warfare. I ask that  the  tex t of my bill be prin ted  in the  record  a t the  
conclusion of my sta tem ent .

Congress must take the init iative.  Inordinate power has been arroga ted  to the  
President , despite the fact  th at  our Con stitu tion es tablishes t he  power of Congress 
to declare war and to make mil itar y appropria tions. We must—for the  sake of the  
American people and all humanity—reassert  our constitutio nal  responsibili ties.
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The only trouble with rain, as is poin ted out  in the  .Sermon on the  Mount, is 
th at  it falls on the  just and unjus t alike. The same cloudburst s th at  flood the 
Ho Chi Minh tra il also wash o ut the  homes and fields of innocent civilians. It  is 
our responsibi lity to stop  the use of weathe r modification techniques as a weapon 
of war.

A BI LL  To prohibit the United State s from engaging in  wea ther  modifica tion 
activ ities for mili tary purposes

Be it enacted by the Senate and House of Representatives of the United Slates of 
America in Congress assembled, tha t, notw iths tanding any  oth er provision of law, 
none of the funds authorized  to be app ropriat ed by any  Act may be obligated or 
expended— a(1) weather modification activities (including, bu t no t limi ted to cloud 

seeding) as weapons of war;
(2) the type  of activit ies carried ou t by the  Depar tment  of Defense in 

Vietnam under the code names of Opera tion Sherwood Fores ts, Opera tion
Hot Tip, and  Operation Pink Rose in which so-called fire storm s or fires over <
a large area were, or  were a ttemp ted  to be, intentionally ignit ed ;

(3) entering into or carry ing out any  con trac t or agreement prov iding  
agents , delivery systems, dissemination equipment , or inst ruct ions  for the  
mili tary  application of weather modification techniques,  or for deliberately 
igniting  so-called fire storms  or fires over large areas  for mil itar y purposes 
(as described in clause (2)); or

(4) procuring or main taining agents, delivery systems, or dissemina tion 
equipment for the purpose of modify ing weather conditions for mil itary 
purposes, or igniting so-called fire s torms o r fires over large areas  for mil itary 
purposes  (as described in clause (2)).

N a tio n a l  A ca de my o f  S c ie n c e s ,
O f fic e  o f  th e  P r e s id e n t , 
Washington, D.C., Ju ly  2o, 1972.

Hon. C l a ib o r n e  P ell ,
U.S. Senate,
Washington, D.C.

D ea r S en a to r  P e l l : Tha nk you for you r let ter  of July 14 inviting me to 
tes tify  before the Subcommittee on Oceans and Inte rna tional  Enviro nment of 
the  Senate Committee on Foreign  Rela tions concerning the  provisions of Senate 
Resolution  281. As was indicated to Mr. Keaney on the Committee staff, my 
absence from Washington prevents  me from being available to tes tify  on July 27. 
I am, however, pleased to sub mit  for your record a sta tem ent of my personal 
views on this proposed resolution. Although I do no t speak officially for the 
membership  of the Academy, I am confident th at  I reflect the views of the grea t 
majori ty of our membership.

S. Resolution 281 would express the  sense of the Senate  th at  the United  States 
Governm ent should seek the  agre eme nt of oth er governments to a proposed 
tre aty which would proh ibit  the use of a ny environmen tal or geophysical modifi
cation ac tiv ity  as a weapon of war , or the  carry ing ou t of an y resea rch or experi
mentat ion with respect thereto.

At its ann ual  meeting on 26 April 1972, the  membership of the  Academy 
adopted  a resolu tion urging th at  the  United  States evolve foreign policies th at  
would deemphasize reliance on mi lita ry force, and  employ our nat ional scientific 
and technological capabil ity for the  furtheranc e of human welfare, the world 
over. Th at  resolution reads as follows:

“ Whereas, the  National  Academy of Sciences was c hartered  by Act of Congress 
in 1863 to provide the  federal  governm ent with  advice on scientific and  techno
logical questions, and

Whereas, such  a charter  carries with it the  responsib ility to offer i ts advice on 
basic issues involving science and technology, the  members of the  National  
Academy of Sciences meeting at  the  1972 Annual Meeting there fore  ins truct 
the Preside nt of th e Academy to tra nsmit the following re solut ion: The Natio nal 
Academy of Sciences re spectfully requests  the President and the  Congress of the 
United States to evolve foreign policies in which the development and  application  
of science and  technology in industry, agric ulture, and heal th for the  furtherance 
of human welfare are major elements, and  reliance on mil itary force, whether
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dire ct or indirect, is de-empliasized. The Academy stands  ready  to assis t the 
governmen t in developing and implementing such policies and is eager  to coop
era te vigorously with  scienti sts and  technologists  of o ther countr ies in fur the ring 
these goals.”

The position of the  Nat iona l Academy on the  deemphasis of mili tary  force as 
an element of foreign policy is cons isten t with the  proposed expression of the  
sense of the Senate  as conta ined in S. Resolution 281.

I also would like to call your att ention to a recent stu dy  completed und er the 
auspices of the Academy’s National  Research Council. While not  an official 
expression of Academy views, the report  of th at  stu dy  does give expression to 
similar concerns by a group of scien tists who were selected  for the ir ind ividual 
competence and  judgment  in these areas. Specifically, I refer to a 1971 report,

« entit led “ The A tmospheric Sciences and Ma n’s Needs” prepa red  by our  Committee
on Atmospheric Sciences.

This repo rt identifies ways in which the  atmo spheric sciences can con trib ute  
to imp orta nt human needs and deals with the  problems of public policy a ssociated 
with weather modifica tion. The Committe e concluded th at  in the ir view, the

»  common benefit  of mankind  would be best  served if the  Uni ted Nations General
Assembly were to adopt a resolution , “ dedicating all weather-modification efforts 
to peaceful purposes and  establishing, preferably with in the  framework of i nter 
natio nal nongove rnmenta l scientific organ izations, an advisory mechanism for 
consideration of weather-modification problems of potent ial inte rnational concern 
before they  reach critical levels.” This report  also addressed the  potent ial uses of 
weather modification for milit ary application. The following sta tem ent of th at  
report has direc t relevance to your  consideration. “ In view of the  un ity  of the 
global atm osphere and the  complexities a nd techn ical uncerta inties of the subject,  
efforts to use wea ther  modification for mil itary  adv ant age  would be likely to be 
ineffective from the str ict ly milit ary point of view and  would at  the same time  
offer the world increased tensions and new dangers.”

My personal view is tha t any  large scale interven tion  in na tural energy-transfe r 
processes, whether  in the  atmosphere, the  oceans or beneath  the ea rth ’s crust, 
would be highly i rresponsible  because of our limited  understanding of such proces
ses and the  resul ts th t t  migh t occur by such an act . His tory  has been a cons tan t 
witness to the continuing a nd appa lling  refinement by mankind of the ins trume nts  
of waging war. The recent  exponential  acceleration of this process, thro ugh  the 
application of modern technology, seems hard ly to have dete rred  the  willingness 
of mankind  to  fu rther refine this process of in ternat ional v iolence. Thus the  objec
tives sought in S. Resolut ion 281 for constraining, thro ugh  interna tion al agre ement, 
experimentation in new uses of technology for develop ing weapons of war should 
be given high national priority by  the  U.S. Government.

Our recen t successes in inte rna tion al control , i.e., nuclear tes t ban, res tric tion 
on and uses of chemical and bilogical warfare, and  s trategic arms  control, shou ld 
most certa inly be extended  to cover these additiona l areas of milita ry inte rventio n.

I am aware of those who argue th at  biological weapons are more “h um ane ” 
tha n flamethrowers, TN T, or nuclear weapons, who suggest th at  induced rain fall  
th at  immobilizes the  deliv ery of supplies, is preferable to airc raf t dropping  laser-

(  guided bombs. And, to honest men, the  argument  is troubling. But  it  is surely  tim e
th at  mankind called a h alt . It  is grotesque ly immoral th at  scientific unde rstand ing  
and technological capab ilities developed for human welfare to pro tec t the  publ ic 
health, enhance  agr icultural prod uctivity , and  minimize the  na tur al violence of 
large s torms  should be so dis tort ed as to become weapons of war . We are  a lready

* sufficiently proficient at  killing one another , we have alre ady  unleashed immense
forces we can scarcely contro l.

The task  before mank ind  is to regain  th at  control, no t only to  “ convert  the  sword 
into  the  plowshare,” bu t to  prevent the  conversion of newly available or po ten tia lly  
available plowshares into  ye t newer swords. Before it is too late, our nation, for 
many years “ the  last, bes t hope of m an,” should  re tur n to its almo st abando ned  
position of internatio nal  moral  leadership.  An important set  of beginnings has  
already been made, as noted earlier. And the  recent agreements  resu lting  from 
SALT and the  Pre sident ’s accom plishments in Moscow are heartening indeed. 
The self-denying ord inance to avoid  the use of growing understanding of the grea t 
physical  forces ope rative in the  cont inen ts, the  oceans, and  the  atmosphere , 
would be entire ly consona nt with  regaining our own national self-image an d wi th
ou t damage  to  the  nat ional security.

Thus, I am pleased to advise of my  accord with  the  goals and objec tives  which 
you seek to achieve th rough the  enac tment  of Senate  Resolu tion 281.1 would defer,  
of course, to others who are more qualified  concerning the  precise legal word ing
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or form which such an inte rnat iona l agreement should  take . In line with the  posi
tion  adop ted by the  membership of th e Nat ional Academy, you may  be sure th at  
we sta nd  ready  to utilize the  scientific and  technolog ical resources avail able  to us 
in supporting the  purposes set forth in t he  proposed Senate resolut ion.

Sincerely yours,
P h il ip  H a n d l e r ,

President.

(Excerp t from Fir st Annual Rep ort to the  Pres iden t and the  Congress by the 
Nat ional Advisory Committe e on Oceans and  Atmosphere, dated Jun e 30, 1972, 
transm itte d September 27, 1972.)

W ea th er  M o dif ic a tio n

Both  deliberate  and inadve rtent wea ther  modifications are possible tod ay.
Potenti al benefits and  potentia l risks are great and  raise grave social, legal, eco
nomic, and jurisdictional  issues. In this section  NACOA discusses the  effor t it be- 
lieves desirable in: legislation to define rights, responsibili ties, and  a sense of 
purpose; research  to  hasten and extend our abilities to reduce risks; and  in ter
nationa l agreemen t to promote peaceful uses of weather modifica tion and to 
eschew it s hostile uses.

on  t h e  th r esh o ld  of en v ir o n m e n t a l  control

NACOA is persuaded that  we sta nd on the threshold of a  new era of e nvi ron 
men tal control . The scientific lite ratu re indica tes today, th at  under cer tain  
limited conditions, man can increase or decrease rainfall, increase or decrease 
snowpack in the  mountains , and clear fogs over runways and  highways. Claims 
of suppressing hail in the  Soviet Union are  impressive. A large-scale effort  is 
now being mounted  to develop bette r methods of hail suppression in the  Uni ted 
State s. The capabil ity to diminish the force of a hurricane (though n ot the  abil ity  
to steer it) seems to be near  a t hand.  Fu rth er  research and development make it 
likely th at  some of today’s limita tions will soon be removed and  man may before 
long delib erate ly exert an even grea ter influence on the weather. These develop
ments  requi re our serious atte ntion now.

Our abil ity to trea t these problems has been  increased by advances in ma the 
matical modeling of atmospheric processes, increases in the speed  and  cap aci ty 
of computers on which these models are run, and  new forms of instrumenta tion.
Delivery system s for cloud seeding (rockets , land-based and  airbo rne nuclei 
genera tors) and  predictive methods for local meteorological conditions are being 
rapidly developed. These advances make possible methods of measurement and 
diminish the  reliance on a long expensive series of s tati stical observations which 
seek to filter a faint signal from a large background “noise.”  The resu lt is an 
acceleration  of the entir e field.

While our  capabili ties and underst and ing  are growing, so are the  dangers. In 
some parts  of the United  Sta tes operational w eath er modification  has been car ried 
out  for nearly twenty years  and operation s are also being carried ou t in many ">
foreign lands . The resul ts are often unrecorded or unpublished. There is also 
increasing concern th at  man’s activitie s inadve rtently affect the  weathe r and 
thereb y modify the  climate. The more we have learned about deliberate  weather 
modifica tion, the  more reason we have  to be concerned over the  inadve rtent 
effects of various subs tanc es now being released into the  atmosphere. These ef
fects can extend  to the  global scale as well as being local in nature .

The potent ial benefi ts from wea ther  con trol and conscious c limate  modification 
are very  large. So are the  potenti al risks—par ticu larly from ina dvertent  climate 
modification. Fur thermo re, any technique  enab ling man to control large-scale 
phenomena necessarily raises grave social, legal, and  economic issues where effects 
extend across state and  nationa l boun daries. There  is still time  to address these 
issues rationa lly before operation al weather modification grows at a pace which 
forces has ty moves. This opportunity shou ld no t be wasted, and  NACOA be
lieves th at  the time has come to tak e act ion  along  several broad fronts.

r ec o m m en d a tio n s  fo r  acti on  

NACOA sees five areas in which action is required .
Legislation.— Legislation to  define rights  and responsibi lities of citizens,  the  

States,  and the Federal Government is needed p romptly. So is legislation to  define
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mea ns  fo r re gul at in g a nd  lic en sin g pri vate  o per at ors , org an iz at io na l re sp onsi b il it y  
in th e Fed er al  G ov er nm en t, an d ab ov e all , a sen se  of  nat io nal  pur po se . M or e 
spec ifica lly , le gi slat io n is ne ed ed  to  de sign at e re sp on sibi li ty  in  am el io ra ting  th os e 
w ea th er  di st ur ba nc es th a t pr od uc e pu bl ic  st a te s of em erge nc y,  to  es ta bli sh  th e 
pr oc ed ur es  under wh ich  th e  Fed er al  G ov er nm en t an d it s em ploy ee s m ay  le gi ti
m at el y mod ify th e  wea ther , to  defin e th e righ ts  and re sp on sibi lit ie s of co mm er ci al  
w ea th er  m od ifi ers , an d to  d es ig na te  re sp on sibi li ty  (p ro ba bl y Fe de ra l)  fo r m onit or
ing  in advert en t w ea th er  mod ifi ca tio n.  R eg ula tion  is als o bad ly  ne ed ed , b u t th e  
issue of se para ti ng  th e re sp on sibi li ty  fo r re gu la tion  from  pr om otion  of op er at io ns,  
alway s de lic ate,  de se rves  mor e st udy.

Research  an d Technology .— D ev el op m en t of  th e  te ch no lo gy  by  whi ch  p re cip it a
tio n ca n be  in cr ea se d,  de crea sed,  and re d is tr ib u te d  sh ou ld  be  has te ned  th ro ugh 
increa sed fu nd in g fo r bas ic re se ar ch  in  clo ud  ph ys ics an d th e opti cal pro pe rt ie s o f 
pa rt ic ula te s,  fo r co m pu te r mod el ing,  ex per im en t de sig n an d field work,  and  th e 
de ve lo pm en t of  rem ote- se ns in g de vice s (e.g., sa te ll it es  an d Cop pler  ra dar) .

Hu rri canes.— Res ea rc h an d dev el op m en t of  th e  tech no lo gy  to  m it ig ate  th e  
effects of hu rr ic an es  sh ou ld  be  ac ce le ra te d.  Thi s m ay  invo lv e m ov in g P ro je ct  
S to rm fu ry  from  th e  A tlan tic to  th e  Pacif ic,  whe re  th e gre at er  incide nc e of  th is  
ty pe of st or m  m ak es  th e co st- ef fecti ve ne ss  m uc h high er .

Pu bli c Po lic y.— A de ta iled  pu bl ic  ex am in at io n of th e  po lic y iss ues in here n t in 
w ea th er  mod if ic at io n shou ld  be  undert aken . I t  see ms  clea r th a t oper at io nal  
w ea th er  m od if icat io n will op en  th e  w ay  to  su bst an ti a l socia l be ne fit s, b u t th e  
m a tt e r of po te n ti a l socia l losses  cannot be  dism issed ou t of han d. In cr ea si ngly  
th e qu es tion  wil l be  as ke d “ Who be ne fi ts  fro m w ea th er  mod if ic at io n? ” All m aj or 
conseq ue nc es  of la rg e-scale ope ra tional  pr og ra m s sh ou ld  be  assesse d in advan ce  
of th ei r im pl em en ta tion.  NAC OA  be lie ve s both  nati onal an d in te rn ati onal re p o rt 
ing  sy st em s sh ou ld  be  de ve lope d.  R ar el y— if ev er  be fore— ha s th er e be en  a mor e 
a tt ra c ti ve  o pport un it y  fo r c re at iv e th in kin g and  p la nn in g r eg ar di ng  th e  im pa ct  of a 
pote nti al  te ch no lo gi ca l de ve lo pm en t up on  in te rn ati onal re la tio ns . Thi s oppo rt un 
it y  sh ou ld  n o t be  lo st .

In tern at iona l.— In te rn ati onal ag re em en t sh ou ld  be  ar rive d a t an d th e  ne ce ss ar y 
in st it u ti onal  ar ra ngem en ts  de ve lope d to  esc hew th e  ho st ile  use s of  w ea th er  m od i
fic ati on  an d to  in ves tigat e in advert en t ch an ge s in  th e glob al cl im ate.  Th e Globa l 
A tm os ph er ic  R es ea rc h ex pe rim en t no w pl an ne d fo r 1977 can, w ith  some o th er 
ac tivi ties  du ring  th a t pe rio d, pr ov id e a su pe rb  to ol  fo r an alyz in g th e v it a l in te r
ac tion  be tw ee n lo ng -ter m  ocea nic ch an ge s an d n a tu ra l or  m an -m ad e cl im at ic  
ch an ge s. I t  m ay  be  de si ra bl e to  ha ve  an  in te rn ati onal confe rence, sa y in 1974, to  
discuss iss ues su ch  as  pr om ot in g th e pe ac eful  us e of w ea th er  mod ifi ca tio n and 
possi ble  co llab or at iv e eff or ts in in advert en t w ea th er  mod ifi ca tio n.  T he nati onal 
la bo ra to ry  d ed ic ate d to  w ea th er  m od ifi ca tio n,  prop os ed  b y a  N at io nal  A ca de my of 
Scienc es st udy , sh ou ld  be  in te rn at io na lize d.

NA CO A wishe s to  as so ciate its el f w ith  th e po si tion  ta ken  by  th e  N at io nal  
Aca de my of  Scie nces th a t in or de r to  s af eg ua rd  th e li fe -s us ta in ing pro pe rt ie s of  t he  
atm os ph er e fo r th e  co mmon  be ne fit  of  m an kin d,  the U .S . Government is  urg ed to 
presen t f or adop tio n by the  Un ited  Nat io ns  General Assem bly  a res olu tion  dedic at ing  
all wea ther-modi fica tion  efforts  to peaceful purpo ses  and  establis hing, pre ferabl y w ithi n 
the fra me wo rk of  in te rn at iona l nongov ernmenta l scientifi c org aniza tion, an  advis ory  
mecha nism for c onsid era tion o f wea ther -mo difi cat ion  problem s o f po ten tia l in te rn at iona l 
concern before the y reach cri tical levels.

H IS T O R IC A L BA CKG RO UN D

Be for e disc us sing  ex is ting  eff or ts and su gg es ted ch an ge s in mor e de ta il , it  is 
us eful  to  revi ew  br iefly  th e  his to ry  of  w ea th er  mod ifi ca tio n and  how we  go t to  
th e pr es en t s ta te . The  era  of sc ien tif ic w ea th er  mod ifi ca tio n be ga n in 1946  whe n 
V in ce nt  Sc ha efer  and Ir v in g  Lan gm ui r dem onst ra te d  th a t it  wa s po ss ib le to  
in it ia te  pre ci pi ta tion by  dr op pi ng  pe lle ts  of ca rb on  diox ide from  an  ai rp la ne in to  
a clou d co mpo sed of w ate r dr op le ts  a t be low-fr ee zin g te m per at ure s.  Thi s d ra m ati c  
de ve lo pm en t led to  P ro je ct Ci rrus , a br oa d th eo re ti ca l and  field pro gr am  in te nded  
to  es ta bl ish a st ro ng sc ient ifi c basis  fo r clou d mod if icat io n.  Per hap s th e  m ost  
im port an t sc ien tif ic fin ding  wa s th a t si lv er  iodide  cr yst al s we re as  ef fecti ve  as  dry  
ice in  tr an sf or m in g su pe rc oo led clo uds in to  ic e- cr ys ta l clo ud s, an d th en ce  to  ra in . 
More sp ec ta cu la r— and m or e co nt ro ve rs ia l— we re  (1) an  ex pe rim en t w ith se ed in g 
a hu rr ic an e off th e  co as t, w ith  inco nc lusive  re su lt s and  (2) ex pe rim en ts  by  L an g
m ui r th a t co nv ince d hi m  (b ut ve ry  few  ot he rs ) th a t pe rio di c se ed ing of  th e  
at m osp he re  w ith  s ilve r iodi de  in th e  s ou th w es te rn  U nit ed  S ta te s pr oduce d co rres 
po nd in g pe rio dici tie s in th e  ra in fa ll 2,0 00  mile s to  th e  ea st .
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Enough inte rest  was stim ula ted  bv Project Cirrus to set in motion two other 
agency projec ts. The first was the  Cloud Physics Pro ject  under the auspices of 
the U.S. Weather Bureau,  the Air Force, and  the National Advisory Committee 
for Aeronautics, conducted from 1948 to 1951. The second was a 5-year  Depart
ment  of Defense project which began in 1952. These  serious efforts yielded  in
conclusive resul ts because of thei r brevity, the prim itive sta te of the  ar t of 
inst rum enta tion , and  partly  because the  design of the  exper iments was not  
sufficiently soph isticated  to filter out  the  na tural var iability  of the  atmosphere.

Meanwhile, a determined band of meteorological entr epreneurs moved in and 
succeeded in placing near ly ten percent of the  lan d area  of the  cou ntry under 
commercia l seeding, from strategically located silver iodide generators, at  an 
annual cost of between 3 an d 5 million dollars. The  m ovem ent spread to 30 other 
countries.  »

Sufficient int eres t and controversy were generated by  these result s th at  Congress 
establish ed in 1953 an Advisory Committee on Wea ther  Control to study  and  
evaluate the  results  of privat e and  public exper iments. Its  report issued in 1958 
was cautiously optim istic, concluding th at  increases of 10 to 15 percent in rainfall 
were induced by seeding spr ing and winte r storms in the  mo unta inous a reas of the  >
western United States. More long-term research was recommended  with  special 
responsib ilities being assigned to the National  Science Foun datio n. The  Advisory 
Committee report was sub jected to considerable att ack, prim arily on sta tist ica l 
grounds. However, the  NSF did mount a modest bu t sound program of funda
men tal research and  field experim entation, which laid an impor tan t basis for the  
next  decade. As a result of ex travag ant  claims a nd  questionable pract ices by a few 
commercial cloud seeders, and controversy on sta tis tical inte rpreta tion of experi
men tal resul ts, the  field did  not flourish during the  early  1960’s.

A two-pronged stu dy  was init iate d in 1963 and 1964, by the Nat ional Academy 
of Sciences and a  Special Commission of the Nation al Science Board. The ir reports,  
issued early in 1966, were moderately  optim istic . The conclusions of the 1953 
Advisory Committe e th at  the  order  of a 10-percent increase in prec ipitation can 
be expec ted from seeding orographic storm s in western United Sta tes were sub
stantiated. Subsequent s tudies by the  Academy a nd  the Interd epartme nta l Com
mittee for Atmospheric Sciences have reinforced early findings.

P R E S E N T  STA TE  O F T H E  ART

For certain meteorological conditions the  evidence is persuasive th at  it is 
possible, to increase  prec ipita tion by substantial amounts and  on oth er occasions 
to decrease prec ipitation by subs tant ial amounts.

There is ambiguous evidence th at  the effects of seeding may influence pre
cipita tion at  po ints 100 to  200 kilometers from the  site of the seeding. This ma tte r 
must be clarified.

It  now appears possible to acquire  the  add itional knowledge necessary to 
predic t the  effects of seeding on a wide v arie ty of cloud types and  systems (con
vective, orographic, stra tifo rm,  migratory sto rm systems , etc.) in different 
geographic areas from reasonably realistic  computerized cloud models.

Supercooled fog can be dissipa ted on an operational basis.
There is encouraging evidence th at  hail can be suppressed. '
There  is encourag ing evidence  th at  the intens ity  of winds in a hurricane can 

be reduced.
There is evidence th at  fur the r development will lead to operation al techniques  

for decreasing the  frequency and dura tion  of cloud-to-ground lightning dis- •
charges, with a subs equent reduc tion in forest fires.

Advances in remote-sensing techniques are the  first steps towrard  methods to 
modify tornadoes.

No completely accepted technique yet  exists for dissipating warm fog, b ut  the  
the pote ntia l economic benefits and  the  encouraging  prospects of such a capa
bility  w arrant  fu rther research.

The prospects  of in adv ertent  modification of weather and climate by changing 
the  chemical composit ion of the atmosphere, the  parti cle concentra tion,  o r by 
the  discharge  of heat  are so real, and  so likely to be realized with in a matt er  of 
decades, th at  a major program of research appe ars to be warranted.

Weather modif ication issues now reach to the  stratosphe re. It  has been suggested 
th at  exhaust emissions from SST’s may decrease the  ozone concentration  a t high 
alti tude and lead to an increase in ultr avio let radiation at  the  Ea rth ’s surface.
For tunately, the  way appears clear to resolve this question before SST’s are 
opera tiona l.
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Ongoing national projects
The Federal programs in weather modification are coordina ted under the In te r

departm ental Com mit tee for Atmospheric Science (ICAS) of the  Federal  Com
mit tee for Science an d Technology. A numb er of th e research projects r epre sent ing 
voluntary combinations  of resources of several of the  inte rest ed Fede ral agencies  
are Natio nal Projects . They include snowpack augmen tation, surface-wind redu c
tion in hurricanes, increase of na tur al rain fall in areas where needed, reduction 
of damaging hailfall, spreading heavy Great Lakes snowfall over a wider a rea, and 
improving visibi lity in warm and  cold fogs. Though agency  funding for weathe r 
modifica tion has lately  been increased—in the  las t 2 years from $16 million  
(FY  ’71) to $20 million (FY  ’72 E stim ate) to $25 million (FY  ’73 Budge t)—the 
projects have characte risti cally been inadequately coordinated, underfu nde d

•  through  fragmen tation, often  not  back ed up bv basic research, and  und ertaken
with obsolete equipment.  This is not a criticism of any  specific project, bu t of the  
lack of central planning and execution.

SO M E P O T E N T IA L  B E N E F IT S
|r

Although too much  reliance should no t be placed  on benefit-to -cost  analysis,  
at tra cti ve  ratio s are already being achieved in some areas  of wea ther  modifica
tion. The Southern  California Edison Pro ject  in the  upp er San Joaquin Riv er 
Basin in the  Sierra Nevad a range has been ope rated continuously  every  win ter 
since the  1950-51 season. Although the  exact figures a re proprie tary , the  meteor 
ologist in charge reports  th at  an nua l runoff  has been increased 8 percent over  the  
lifetime  of the  pro jec t.1 Bureau of Reclam ation stud ies indic ate something  like a 
10 to 1 ratio of benefit-to -cost for orographic  prec ipitation enhancem ent of thi s 
sor t.2 However, these operational programs  are limi ted in number and have 
remained relat ively  con sta nt through  many years . Many programs having large  
potentia l benefits at  a ttr ac tiv e operational costs are no t operation al today due to 
limi tations in the present technology. This translate s to limi tations on the  re
sources (labo ratory facilities , scientific manpower, ins trum ente d airc raft , com
puter time, etc.) necessary to improve the  technology .

Hail suppression has been operational in the  U SSR for many years w ith repo rted  
benefit -to-cos t ratios of as high as 17 to 1. Lightn ing-caused  forest  fires produce 
losses in excess of $100 mil lion annual ly and  destroy valuable forests.  An ope ra
tional technique for ligh tning suppression is expected to yield a benefit-to -cost 
ratio of at  leas t 5 to 1. A semioperatio nal program in Alaska now beginning its 
fou rth  season reflected this ratio  in the  1971 summer season. Cold fog dispersal 
over  ai rport runways is now operational , where this  t ype  of fog is prevalen t, with 
a return  in benefit s six time s the  cost of the  program. Warm fog is even more 
prevalent, and  it seems likely  th at  a similar benefit-to-cost rati o will be at tai ned 
when the  operational techniques for its dispersal are perfected.

It  is estimated  th at  the hurricane  modification program alone, when operat iona l, 
would cost about $5 million annually and  could reduce  prop erty  damage and  
rela ted costs by $100 million annually , a benef it-to-cost ratio of 20 to 1.

There  is anoth er va st area which suffers a shor tage  of annual precipi tation,
. reaching drough t prop ortions  in far too many years . This is the  nor thern Great

Plains area  of the  cou ntry . In  this region, where sum mer  rainfa ll is bo th sca nty  
and  sporad ic, crop-production  technique is based on trapping  a port ion of 1 ye ar’s 
rainfall to help sup por t grain  prod uction in the  su bsequent year, and  one  crop is 
produced each 2 years per  un it of land area . On the  basis of soil qua lity , the

» potenti al exists for annual crops given a modest increase in rainfal l. This  area ,
which has been largely ignored by the  Federal  Governm ent in its wea ther  modi
fication program, shou ld be explored.

T E C H N IC A L  O B STA C LES TO  P R O G R E SS

Progress in any  technical endeavor d epends upon our theoretical unders tanding, 
our abil ity to measure, our  facilities for experimentation, and our abi lity  to  m oun t 
and manage  large-scale field experiments. We have m ade significant progress in all 
four  a reas in the  last  decade.

1 Priva te communication f rom Rober t D. Ell iot t, North  Am erican  Weather C onsultants,  Santa Barbara, 
Calif.

t “ Some Considerations  of Beneflt- to-Cost Rela tionships Regarding Use of Weather Modif ication,” by 
Loren W. Crow, April 7, 1972, Contract  to  NOAA, LWC #99.
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U nderstanding

In  order  to  ma ke  progress in th e Nat iona l Proje cts  and othe r appl ica tio ns  of 
we ath er mo dif ica tion , a grea t dea l mo re m us t be lea rned  ab ou t th e na tu ra l 
we ath er processes and how the se processes can  be modified  to br ing  ab ou t the  
des ired  effec t. Some of the se areas where  me asu rem ents are ess entia l inc lude: 
origin, de tec tio n,  a nd  coun ting of n at ur al  ice nuclei; mod es of nuc lea tion, op tim um  
pa rti cle  size a nd  nu mbers , and in ad ve rten t source s of a rti fic ial  ice nu cle i; d ete ction , 
cou nting, an d va ria bi lit y of na tu ra l clou d condensation nuc lei;  in ad ve rten t 
sources of art ific ial  cloud  condensat ion  nuc lei ; wa ter  vap or,  liqu id wa ter , ra te  of 
riming, clou d drop  size , etc.;  ice crys ta l type  and size ; an d tempe ra tu re  in cloud, 
ve rti ca l an d ho riz on tal  flow, ele ctr ica l field, etc .
Ins trumenta tion

Th e key  to  increasing ou r kno wledge  of th e processes involv ed is ac cu ra te  
me asurem en ts of all of the nee ded  inf orm ati on . Thi s requires deve lop me nt of 
instr um en ts an d the mea ns to  tes t an d ca lib ra te  th ese instr um en ts un de r a ctua l o r 
sim ula ted  conditi ons . The pr ior ity  areas req uir ing  at te nt io n ar e:  (1) airborne 
inst ru men ta tio n th a t can rap idl y an d ac cu ra tel y pro vid e me asu rem ent of th e 
type  dis cussed  in th e preced ing p arag raph ; a nd  (2) mo re effective  nu cle ati ng  agents  
an d more effic ient me thods of ge tting  th e nucle ating  agen ts int o the ta rg et  are a.

Signifi can t progres s has  bee n ma de  in  recent years  in sa tel lite techno log y 
an d in rem ote  sensing  from  ai rc ra ft an d from  the  gro und. NOAA’s com ing high  
resolu tion geos tat iona ry  sa tel lite an d its  dev elo pm ents in Do ppler  an d op tical 
rada rs  an d ot he r rem ote-sensing tec hn iqu es  will ma ke signif ica nt cont rib ut ions  
to th e adva nc em en t of the  techno log y of we ath er modif ica tion . Sa tel lit es and 
rem ote  sensing sho uld  be abl e to tell  us som eth ing  of the phy sical cha nge s takin g 
place within  the seeded  clou d an d thus  aid in th e ev alua tio n of field exp eriments .

In  the  final  ana lys is, however , it  is th e pr ec ipita tio n on the grou nd  an d the 
run off  i nto th e rive rs an d reservoirs th a t co un t where prec ip ita tio n enha ncem en t 
is the  goal . Me asu ring the  true  differen ce in prec ip ita tio n and run off  between 
seeded  an d unseeded  are as conti nues to  be th e be st  hop e for assessing resu lts,  
but a va st  im prov em ent in this area  is nee ded . Here rada r, in comb ina tio n with 
rec ord ing  ra in  gages , rep res en ts the pr im ary hope.

F A C IL IT IE S

A sign ific ant  one -time  in ve stm en t in faci lities will be  re qu ire d in orde r to sup po rt 
the  deve lop me nta l programs. Th e more im po rtan t of the se inc lud e:

Clo ud cham bers to sti mulate  the na tu ra l envi ronm en t to  ena ble  th e stud y of 
the na tu ra l processes involved an d how th ey  a re  a ffected by  arti fic ial  s tim ulati on .

A te st  an d ca lib ratio n fac ility . NO A A has  in opera tio n the ana log  to  wha t is 
needed here, i.e., Nati on al Ocean ogr aph ic In st ru m en ta tio n Ce nte r. He re new 
inst ru men ta tio n developed  by  bo th  publi c an d pr iv at e organiz ati ons are  teste d 
in mo dern fac iliti es,  an d repo rts  are  issued  as to  thei r acc ura cy, re lia bil ity , ma in
ta inab ili ty , etc . Th e Ce nte r also pro vid es a ca lib ratio n service to bo th  pub lic 
an d pr ivate organiz ations. Such a facil ity  is urgentl y nee ded  in th e we ath er 
modif ica tion field.

Mo dern we ll- ins tru me nte d air craf t. A m ajor ity  of th e nee ded  ai rc ra ft  al read y \
exist  in th e pr iv at e sec tor . Th e Federal Go vernme nt need o nly  be  con cer ned  w ith  
prov iding  th e minim um  nu mb er  of he av y ai rc ra ft eq uipp ed  wi th sen sing an d 
rec ord ing  sys tem s, rad ars , an d seeding capabil itie s requ ire d of th e pro gram.
NACOA  no tes  with  concern  the nee d to  can cel NO AA ’s planned mo ve of it s Bhu rri cane  modif ica tion pr ojec t (P ro ject  Sto rm fur y)  to  th e Pacif ic for  lack of  
suc h air craf t.
Field experim enta tion

As di scu ssed pre vio usl y, th e Fe de ra l agencies are cu rren tly  engage d in a va riety 
of f ield pro gra ms . In  a lmost  ev ery case th e field program s are re str ic ted by  lim ited 
reso urces of one  kind  or an ot he r to  th e po in t where  th e program s are subo pti ma l 
and prog ress  ha s been  a t a  sna il’s pace . One would h ope  th a t t he  pr im ary o bje ctives  
of Fe de ra l program s to  enhance rainfa ll,  eli mi na te fog, an d suppres s hail and 
lig htn ing  would  be th e tra ns fe r of th is  tec hnolo gy  to  th e pr ivat e sec tor  whe re it  
could pro duce an exp ans ion  of ex ist ing  indu str ies and crea te new ones .

W ha t is ba dly needed is a field ex pe rim en t which  brings to  be ar  all of th e 
resources th a t can  co nt rib ute to th e success of th e experim ent . Th e experim ental  
area  mi ght be som ewh ere in t he  Great Plain s an d sho uld  ope ra te on a y ea r-a roun d 
basis. Ex perim ents sho uld  be car ried ou t wi th sum me r cum ulus, win ter ups lope 
st ra tu s,  an d wint er  mi gratory sto rm s. Th e pro gram  sho uld  emplo y th e la te st  in
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meteo ro logica l sa te ll it e  an d re m ot e- se ns in g tec hn ol og ies,  w el l- in st ru m en te d 
ai rc ra ft , an d an  in cr ea se d den si ty  of  su rf ac e,  upper ai r,  an d ra d a r obse rv ations 
of th e  N at io na l W ea th er  Service . The  em ph as is  sh ou ld  be  on pr ov id in g th e  to ol s 
ne ce ss ar y to  fu lly  m ea su re  an d ob se rv e th e  ph ys ic al  and dy na m ic  ch an ge s ta k in g  
plac e both  na tu ra ll y  and  un de r th e influ en ce  of se ed ing.  M ax im um  ef fo rt  sh ou ld  
be  m ad e to  de te rm in e re su lts  th ro ugh  dir ec t obs er va tion of th e  ch an ge s in  th e  
clo ud . In  addi tion , th e  ex pe rim en t sh ou ld  be  de sign ed  in su ch  a  way  as  to  pro vid e 
op tim um  co nd it io ns  fo r a st a ti st ic a l eval uation  (e. g.,  ra nd om  cros so ve r de sign ). 
The  tec hn olog ies  de ve lo pe d by  NO  A A in  F lo rida  w ith dyna m ic  s ee ding  o f tr opic al  
cu mul us , by  NO  A A w ith  seed ing of  low  st ra ti fo rm  clou ds  ov er  th e  G re at Lak es , 
an d by  Bur ea u of R ec la m at io n su pport ed  pr og ra m s in th e  D ak ota s and  Tex as  
pr ov id e th e in it ia l gr ou nd w or k fo r th is  ef fo rt.  T he fie ld ex pe rim en t sh ould  be  
co nce ntr at ed  in an  are a less th an  th e  s ize  o f a S ta te . Fro m  th is  ex pe ri m en t sh ould  
come  th e basic  k no wledg e which  is ne ed ed  fo r m os t p ha se s of w ea th er  m odi fi ca tion .

IN S T IT U T IO N A L  FA CTORS AN D R E G U LA TIO N

W ea th er  mod ifi ca tio n to day  w ith in  th e Fed er al  G over nm en t is ca rr ie d  o u t by  
seve n agencie s to  m ee t th eir  in di vid ual  mission  ne ed s. The  D epart m en t of T ra n s
port a ti on  is co nc erne d w ith  th e ef fect of fog on  a ir po rt  ope ra tion s,  th e  D e p a rt 
m en t of Agr icul tu re  is co nc erne d w ith th e  re du ct io n of light nin g- ca use d fo re st  
fires , th e D ep art m ent of th e  In te ri o r is in te re st ed  in  incr ea sing  th e w ate r su ppl ie s 
in th e West , and th e D epart m ent of Co mmerce  is in te re st ed  in aba ti ng  h urr ic anes 
and o th er  seve re  st or m s and in re du ci ng  or in cr ea sing  pre ci p it a ti on  fo r a  wide 
var ie ty  of pu rpos es . W hat  is lack in g is a cen tr al focu s fo r th e  ov er al l ef fo rt.  So me 
prog ress ha s be en  m ad e in th is  di re ct io n w ith  NO  A A hav in g be en  as sign ed  re 
sp on sibi li ty  fo r m on itoring th e w ea th er  m od if icat io n ac tivit ie s w ith in  th e  co un 
tr y , both  Fe de ra l and non -F ed er al . M or e im port an tl y , th oug h, is th e  ne ed  to  
ha ve  a sin gle  Fed er al  ag en cy  re sp on sibl e fo r ta k in g  th e le ad  in develo pm ent 
of th e  te ch no lo gy  of th e  ov eral l pr og ra m . The  pr es en t fr ag m en te d appro ach  is 
mov in g the c ountr y  ahead  in  w ea th er  m od if icat io n in  an  err ati c  fas hion .

C er ta in  ba sic  faci li ties  an d se rv ice s which  re pre se nt  co mmon  ne ed s of m ost  
Fe de ra l pr og ra m s do  no t ex ist . In s tr um en t de ve lo pm en t pr og ra m s ar e cri ti ca l 
to  prog ress  in  w ea th er  mod ifi ca tio n,  ye t no  focu sed pr og ra m  in th is  a re a  is in  
ev iden ce . The re  is a st ro ng  ne ed  fo r a ce ntr al  Fe de ra l fa ci li ty  to  te st , ev a lu a te , 
and ca libr at e in st ru m en ta ti on  and equ ip m ent us ed  in  field ex pe rim en ts . Aga in , 
no su ch  fa ci li ty  ex is ts . The  lead  ag en cy  sh ou ld  be re sp on sibl e fo r do ing th e  ty p e  
of field  ex pe rim en t re co m m en de d fo r th e  G re at  Pl ains  ar ea . I t sh ou ld  fo cu s on  
dr aw in g on  th e re se ar ch  re su lts  of th e  N SF an d o th er Fe de ra l ag en cies  and  
te st in g  th es e in an  opera tional  en vir onm en t.  The  en d ob je ct iv e wo uld be  a fe ed 
ba ck  to  th e m is sion -o rien ted pr og ra m s of th e  o th er  Fe de ra l ag en cies , an d  a  
te ch no lo gy  tr ansf er to  th e  pri vat e w ea th er  mod if icat io n se ctor .

The re  is an  i m m ed ia te  ne ed  fo r s om e f or m  of r eg ul at io n.  As t he  Fed er al  G over n
m ent in ve st s in cr ea sing  reso urce s in  m ajo r field pro je ct s su ch  as  th e  N ati o n a l 
fl ai l Res ea rch E xp er im en t an d th e G re at  Pl ai ns  pr oj ec t, it  become s im pera ti ve  
th a t th es e ex pe rim en ts  no t be  co mpr om ised  by  o th er seed ing ac ti v it ie s on  th e ir  
pe rip he rie s. To  il lu st ra te  th e prob lem, th ere  re ce nt ly  was a te s t ca rr ied o u t to  
de te rm in e w he th er  a  se ed in g pr og ra m  u pst re am  of  a  f ield  p ro je ct  c ou ld  be af fe ct in g 
th e pr oj ec t. The  re su lt s sh ow ed  th a t 20 to  30 per ce nt of th e  seed ing agent in tr o 
du ce d 100 mi les  upst re am  wa s ac tu a lly  co nta m in ati ng  th e field pro je ct . In  add i
tion , th e  N at io nal  Sc ien ce  Foundat io n  has  re port ed  th a t tw o m aj or w eath er 
mod ifi ca tio n pr oj ec ts  su pport ed  by  th e  N SF in th e wes te rn  U nit ed  S ta te s were 
se rio us ly  c om pr om ised  b y u nre gula te d  c loud  se ed ing i n th e  v ic in ity  of  th e  p ro je c ts . 
In  on e of th e  cas es,  th e  Foundat io n  in vest m ent of ov er  a qu a rt e r of  a m il lion  
do lla rs  was ne ga te d by  th e  lack  of re gu la tion .

R eg ula tion  a t th is  tim e sho ul d be  t h e  m in im um  n ec es sa ry  to  e ns ur e th a t cr it ic al  
Fed er al  ex pe rim en ts  ar e n o t v it ia te d  as a re su lt  of co nta m in at io n  by  a  nearb y  
se ed in g ac ti v it y  a nd  t o  e nsu re  t h a t all co mmercial  oper at ors  ar e lic en se d and  m eet 
cer ta in  sp ec ified  s ta ndard s to  p ro te ct th e  p op ul ac e from  u ns af e se ed ing pr oc ed ur es .

E V A LU A T IO N

Expe rim en ta l w ea th er  mod ifi ca tio n is an  ac ti v it y  th a t do es  n o t le nd  it se lf  to  
dem onst ra ti ng  a pr ec ise co nn ec tio n be tw ee n ac tion s and  ou tcom es . The  accura cy  
of  a ss es sm en t aft er th e  f ac t ca n be  i nc re as ed  b y  b e tt e r us e of ad van ce d i n st ru m en
ta ti on  su ch  as  geost at io nar y  sa te ll ites , m od er n ra dar s,  com pute r mod els, a ir c ra ft  
prob es , nu cle i co un te rs , et c.  How ev er , ev en  w ith  th e  best  of in st ru m en ta ti on  it  is
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impossible to measure all variables over a region of  several hundreds of square 
miles. Even with unlimited funding, exact evaluation of an experiment is not 
possible. In the case of operational weather modifications, there are economic 
limits to the instrumentation that can be afforded. Therefore, decisions regarding 
operation must be made with only part  of the data a t hand. Whether the missing 
data are o f serious consequences depend upon the specific circumstances. If 
operational weather modification is to be more generally applied, the decision 
making apparatus for determining when and how to permit operations needs to 
be improved.

Therefore, NAC O A wishes to emphasize need to integrate statistical and other 
analytical approaches (most computer modeling) to reduce the uncertainty in 
evaluating the efficacy of weather modification. NAC O A urges all agencies that 
sponsor research and development in weather modification, and all those who con
duct operations, to explore and utilize  both statistical and nonstatistical tech
niques and to conduct studies designed to bring these approaches together.

(Excerpt from Comments and Recommendations of the Secretary of Commerce 
on the First Annual Report  of the National Advisory Committee on Oceans and 
Atmosphere, transmitted September 27, 1972.)

W E A T H E R  M O D IF IC A TIO N

I believe that  NACO A has correctly  assessed the exciting outlook in the field of 
weather modification. There is no question that  developments of the last decade 
have put us on the threshold of weather control. To realize the potential of this 
new technology,  the Committee urges action in the field of legislation, research 
and technology, hurricane control, public policy and international relations.

I welcome both the Committee’s analysis of the present status of weather modi
fication technology and its many recommendations for action. The present national 
plans for development of this field closely follow many of the suggestions of the 
Committee. The public policy positions, especially as they relate to the inter
national aspects of weather modification and our posture in this field, are being 
studied by the Administration. The Committee’s views on these matters will be 
considered in the course of these studies.

The need for Federal legislation to define the rights and responsibilities of 
citizens, States, and the Federal Government; to establish regulatory mechanisms 
and liability  provisions; and to protect the public is strongly supported by NAC O A.
Along these lines this Administration recommended legislation that  has been en
acted requiring the reporting of all weather modification activi ty to the Secretary 
of Commerce. I welcome the views of the Committee concerning the need for 
further legislation.

The analysis of national needs for research and technology in weather modifica
tion is a balanced and comprehensive treatment. The findings and recommenda
tions offer a sound basis for further development of the national effort.

The review of the technical obstacles to progress in this field provides a frame
work for organizing our scientific effort, directed at understanding critical physical t
processes, and for our technological development effort in instrumentation and 
facilities. The call of the Committee  for an expanded field effort in the Great 
Plains region of the United States is welcomed, and initial plans for such an effort 
are being prepared.

Some concern has been expressed by NACOA about the fragmentation of effort *
among the many agencies of the Federal Government, and NACOA recommends 
that  a single Federal Agency take the lead in the development of the technology of 
weather modification. I agree with this recommendation for establishment of a 
central focus within the United  States  Government for carrying out research and 
development in all phases of weather modification. However, I believe that weather 
modification technology should remain available for use by all agencies of the 
Federal Government in the discharge of their mission responsibilities. I t would also 
be unwise to divorce the necessary supporting research th at would be required for 
the application of weather modification techniques from the agency with respon
sibility for such application.

The Committee has given special attention to the national effort in hurricane 
modification. I agree that this effort represents one that must be fostered at an 
accelerated pace. I welcome the views of NA CO A on this issue, as we develop our 
plans for  this effort.

The Committee’s concern for the public policy’ issues is deeply appreciated.
Weather modification carries with it the potential for social gain, but not without
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the threat  of concomitan t social losses. It  is clear th at  careful techn olog ical 
assessments of the consequences of the  appl icat ion of weather modificat ion are  
required before decisions for widespread use are made. There  is no question th at  
we do not  know enough  at  the  present abo ut many of the  public policy issues 
involved, and  they  require continuing stud y. Studies  are already being spo nsored 
by the  Nat ional Science Foundat ion and  NO A A.

The realization th at  w eather modification  has c ritical i nte rna tion al implicat ions  
is strongly emphasized  by NACO A. The  Adm inist ration is conscious  of t hese im
plications a nd welcomes NACOA’s views on these  m atte rs. It  is the  policy of this 
Administ ration to foste r inte rnational collaborat ion in this field to  the  maximum 
extent  possible. We are moving to follow up the  recommendations of the  United 
Nations Conference on the  Human Environ men t held in Stockholm this  year  for

„ the monitoring  an d s tud y of ina dvertent w eather modificat ion in cooperation with
other nations. We ar e working closely with  all nations  of  the world on the  World 
Weather Program and  its research phase, the  Global Atmospheric Researc h 
Program. We are continuing our  exchanges of sc ienti sts with the  Soviet Union and  
other count ries in many phases of wea ther  modifica tion, and are extending as-

V sistance to developing count ries in those instances where wea ther  modification
appears to be a useful tool in ameliora ting weather-rela ted problems.

U.S. Position Paper on R ecommendation III -218  

1972 UN C O N F E R E N C E  ON  T H E  H UM AN E N V IR O N M E N T ---- P O S IT IO N  P A P E R

Subject.—Iden tific ation and Control of Pol lutant s: Clim ate: II I—218
Recommendation.— I t is recommended  th at  Governments be especially  mindful  

of act ivities in which t her e is an appre ciab le risk of effect on climate, and, (a) care
fully evaluate the  likelihood and  mag nitude of clima tic effects and  dissemin ate 
thei r findings before embarking  on such activities, (b) consult fully  other  interes ted  
States when act ivit ies carrying a risk of such effects are being con templat ed or 
implemented.

U.S. Position.— The USG has sub mitted to the  Conference Sec reta riat  two 
edito rial changes  which if accep ted would modify the  above recommendation to 
read as follows:

Recommendation.— I t is recommended th at  Governments be especially mind ful 
of activities in which there is an appreciable risk of effect on climate, and, (a) care
fully evaluate the  likel ihood and magnitude of climatic effects and to the maximum  
extent feasible, dissemina te thei r findings before embarking on such activ ities , (b) 
consu lt fully other inte res ted  States wherever practicable when activ ities  carryin g 
a risk of such effects are being contemp lated  or  implemented.

If the Conference docu ment does not  reflect the  proposed U.S. amendments , 
the delegate  should  propose such amendments.

II is reasons as to (a) should be t ha t as c urre ntly  worded the  recommendation is 
to some e xtent unrealis tic since the mechanisms by which man’s activ ities  mig ht 
affect climate are largely not  known. Hence, the inse rt—to the maximum extent 
feasible—before “dis seminate ” thei r findings.

1 Amendment to (b) should be s imilarly supported accompanied  by a sta tem en t
th at  with  regards to possible inte rnational effects of activ ities  such as wea ther  
modification th at  might affect climate, the  U.S. practice has been to notify and 
consu lt with possible affected State ’s governments  to the maximum extent

« pract icable.
If amendments fail then Delegate should n ot support the recommendation unless 

he makes a  statement to the effect tha t the recom mendation is unrealis tic because 
it fails to take  into acco unt  the im perfec t state  of our  knowledge as to mechanism 
by which m an’s activ ities  m ight affect c limate, and this in tu rn  affects the  ab ilities  
of Governments to do more tha n what is feasible and  pract icable in meeting all 
the terms  of th e recommendation .

Discussion.— The U.S. practice with  regard to possible inte rna tion al effects of 
activi ties such as w eather modification that  m ight affect c limate  has been to  n otify 
and consul t with possible affected State’s governments to the  maxim um ex ten t 
feasible. In certa in cases, plans have been mate rially alte red to accommodate  
other government’s fears of possible untow ard effects on the ir territories .

Analysis of the global atmospheric m onito ring network da ta  is required  to  e val 
ua te the  effects of changes in atmospheric composi tion on climate. For  example , 
da ta  a lready  collected at  baseline monitoring s tatio ns, princ ipally at  Mauna  Loa, 
Hawaii,  show th at  atmosph eric CO2 has  increased  by approximately 3.4% (from 
312 to 323 ppm) between 1958 and 1971. There is no genera l agreemen t with in 
the scientific community as to precisely what effect such a change in COj conten t
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will have on the  world climate. Resea rch, analysis, and modeling of such effects 
is badly  needed in order to make rationa l decisions on t he climatic im pac t of man’s 
activit ies.

Speech Talking Points.— Worldwide cooperation is imp orta nt. If one nation, 
or even several,  follow the Recom mendation , and others do not, the  idea will fail. 
As man ’s technology continues to grow, his capacity to affect his environment 
and even the  climate itself will expand; ultim ately, if not  in fac t already , the 
stakes of all nat ions,  indeed of all mankind, in the concept  of interna tion al cooper
atio n in e nvironmenta l protection  will become immense.

The U.S. Delegation should note th at the  first par t of  the  Recommendation is 
to some exten t unrealistic since the  mechanisms by which man’s ac tivit ies might  
affect climate are to a grea t extent  imperfectly known. Hence, the  recomm enda
tions  on analys is of the monitoring da ta  and research  on  the modeling  of climatic 
effects of pollutan ts are of prime significance to realizing  the  goals of the 
Recommendation .

Concept of Cost, Resources, and Timing of Carrying Out Recommendation.—The 
costs and resources required for carrying  o ut the internal  e valuation of activit ies 
required by this Recom menda tion should  be borne or supplied by each State . 
Judging by the  U.S. experience so fa r, such costs and resources should not  prove 
burdensome. Members should be encouraged to set up such contro ls as soon as 
possible. o
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